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PEEFACE 


Op the determinative sciences, Anhydrous Analysis is 
the most simple and fascinating. Charmed with the 
rapidity of his results, eager with expectation, cheered 
in his labours by the general success of his experi- 
mental plans, the blowpipe analyst springs from theorem 
to problem, — from designs to facts, — with a facility of 
mind and hand unexampled in any other branch of 
chemical physics, until he obtains analytical results 
which might perhaps excite the generous envy of older 
and better chemists than himself. 

That scientific Englishmen have begun to open their 
eyes to this undeniable truth is, I am happy and grate- 
ful to say, an accomplished fact. Soon may they learn 
the consequent fact that a knowledge of this science as 
it stands at present, will prove of commercial as well 
as educational importance, especially to our artisans, and 
tend to at least place them on a par with the most care- 
full}^ trained of our Continental neighbours. 

As regards my own experience, I can only say that 
this study has proved the solace and hope of a very 
chequered life, and that the retrospect of my humble 
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labours in this new field is a constant and unfailing 
source of pleasure to me. 

I will only add one fact here, as a proof of the 
encouragement the English worker may hope to re- 
ceive from his munificent and appreciative countrymen, 
viz. that Mr. Hunt, of Messrs. Hunt and Hoskell, the 
jewellers, of Hoiid Street, London, presented me, quite 
unsolicited, with a series of twenty packets of gems — 
rubies, sapphires, emeralds, &c. — for blowpipe analysis ; 
the results of which I have given in a book on “ Pyro- 
logical Mineralogy,” which I trust will, before long, 
be permitted to see the light in the pages of my old 
and esteemed friend, the EngliRh Mechanic and World 
of Science, as was the case with this little work. 

It will be found that, whenever desired by chemists, 
the definite borates described in this little work can 
as readily be obtained on a much greater scale, and 
weighed in the large assay balance. 


London, W. 
Mai/, 1881. 


W. A. R. 



PREFACE TO SECOND EDITION. 


Tins edition has been carefully revised and corrected 
in those points where errors of the press, or the like, 
had previously escaped correction. 

The opportunity has also been taken to add a series 
of useful Exercises in the Blowpipe Analysis of 
Minerals upon my system, with a solution of each 
Exercise, by Mineralogist.’’ This new matter will 
be found in an Appendix (pp. 191 — 208). 

I have only to add that, although no reference has 
been made to the labours of the Metallurgist in the 
title-page of this little work, those following that 
interesting profession will probably find an escape 
from some anomalies and contradictions in it (as, 
the statement that gold is a “ fixed metal ”) by an 
appeal now and then to the humble little blowpipe, in 
the same way that ^sop’s lion was freed from the 
trapper’s net by the nibbling mouse. 


Belcjium, 

18^/i October, 1888. 


W. A. R. 




INTEODUCTION. 


In the spring of the year 1770, “ Edward and 
Charles ‘Dilly in the Poultry,'* London, published a 
small-octavo translation of Cronstedt’s work on Mine- 
ralogy, containing, as an appendix, two very creditable 
wood engravings of a hitherto unheard-of chemical in- 
strument, natural size, with pictures of some necessary 
apparatus ; and an excellent lit tle treatise entitled, 
'^Description and Use of a Mineralogical Pocket La- 
boratory, and Especially the Use of the Blowpipe in 
Mineralogy,” 

The whole of these appendices were supposed to be 
the production of an Anglicised Swede, Gustav von 
Engestrcim, residing in London ; a man evidently of 
great ability, although only an amateur, and possessing 
also considerable influence, for we see in Boswell’s 
"Life of Johnson,” that the brothers Dilly were at 
that time among the principal publishers in London. 

But after careful examination of this matter, and 
collation of the various books and papers concerned, at 
the British Museum, the fact appears beyond all doubt, 
and can indeed be clearly proved, that the Swedish 
mine master, Von Svakh, was in reality the author of 
this treatise, and that a copy of it, made from dicta- 
tion, was sent by Cronstedt surreptitiously to his friend 
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Yon Engestrom in London, to be translated and pub- 
lished there after the death of Von Sv-arb ; accordingly. 
Von Svarb having died in 1769, the English trans- 
lation of Cronstedt’s “ Essay ” with the appendix con- 
sisting of poor Von Svarb’s immortal blowpipe work 
under the above inviting title, and over the name of 
Von Engestrom, came out in London in 1770. 

Billy’s shop, therefore, may be considered the birth- 
place of descriptive Blowpipe Analysis, for although 
Von Svarb had nearly forty years before invented the 
chemical blowpipe, and Cramer had partly described 
its use with that of borax as a reagent, in a Latin 
treatise on “Assaying” published (at Lej^den) in 1741, 
all record of the former’s work has been buried in the 
archives of the Stockholm Academy of Science ; whilst 
the description of the latter goes little further than that 
of the English Boyle in 1060, which only shows how 

to melt small pieces of metal ” with it. 

It seems to me a melancholy fact to contemplate, 
that liondon, having thus been the parent of the “ Poor- 
Man’s Chemistry,” “ The Chemistry {^par excellence) of 
the Microscope,” and of “ The Mineralogical Pocket 
Laboratory,” should have not only repudiated her for- 
tunate initiation of this important science, but should 
have used all the power and influence of her many 
distinguished chemists to crush it and put it down.* 

With the sole exception of Faraday, no distinguished 
British chemist has done more than merely mention 
the blowpipe, as a useful but not indispensable laboratory 
drudge, compelled to answer chemical qualitative in- 

♦ I understand that The City and Guilds of London Institute ” 
have quite recently, by the advice of an irresponsible chemist, cut out 
“ Blowpipe Analysis,” as worthless, from their CnrHculum, It is still 
utterly untaught at “ The lioyal School of Mines ” ! 
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quiries in certain formulse, prescribed by the results of 
“ wet methods ; whilst the work of the only original 
English writer on Blowpipe Analysis — the late J. J. 
Griffin — has been actually swallowed bodily as regards 
some of his inventions — G,g» the method of making 
charcoal paste with rice water — without any acknow- 
ledgment at all, in the later editions of Plattner’s work, 
after Plattner’s death. 

Having had now twenty-five years’ experience in 
this matter, the latter half of which has been ob- 
tained in working upon the system devised by myself, 
I have carefully prepared this treatise, with the 
view of showing the student how to teach himself the 
science of Anhydrous Analysis, and its useful application 
to Mineralogy, &c., with special advice as to how and 
where the student (whom 1 assume to be an ordinarily 
intelligent town artisan of any of our large cities, 
without any greater knowledge of chemistry than can 
be acquired in these pages) can procure the material 
upon which and with which he is to work, at the least 
jwssihle price. For instance, I purchased only the other 
day, at one of the old curiosity shops ” which swarm 
in the streets of London, a couple of old agate brooches 
without setting, for the economical sum of 2d. each ; 
and a pair of polished agates is a very important item 
in blowpipe apparatus. 

I shall commence by first showing him how to 
make his own apparatus, or adapt well-known articles 
to his purposes, with the prices of the materials 
he requires, and I shall then go on at once to ex- 
aminations of the commonest minerals and rocks — 
such, for instance, as he may find specimens of in the 
public roads — by means of the most simple reagents, 
for it will not be necessary to trouble him with the 
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expensive and recondite means of obtaining the reac- 
tions of chemically pure oxides, a table or list of which 
shall be here given for his guidance. 

After this, he shall be led to the more elaborate 
analysis of minerals containing four or five oxides, as 
Lahradorite^ each of which will have to be isolated so 
as to be determined by the blowpipe beyond all doubt. 
It will then, I hope, be manifest to the student that 
he shall be able, by means of his lamp and blowpipe, 
after a patient and persevering utilisation of his leisure 
time in this most fascinating study, to literally excel 
the miracles fabulously performed by “ Aladdin and 
his Wonderful Lamp.’’ He shall use it as a key of fire 
to unlock the secret and solid stores of nature ; as an 
instrument of torture, to force her to confess how she 
colours her amethysts, emeralds, and sajijjhires ;* as a 

pencil of light,” wherewith to trace, in imperishable 
records, and with electric rapidity, the precise comj)osi- 
tion alike of her soft, sulphurous ore, or her adamantine 
corundum. 

The student who is somewhat of a proficient in 
Blowpipe Analysis, can commence his work with Chap- 
ter y., page GO, making an es23ecial study of Tables III., 
IV., V., and VI. ; and by procuring from a mineralo- 
gical friend, unlabelled, but known powders for his 
investigation after the manner of the analyses detailed 
in Chapters X., XI., and XII. 

♦ Vide Berg uud Jliittemndnuische Zeitung, xli. Jabrgaiig, No. 48, 
8. 509. 
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THE BLOWPIPE 

IN CHEMISTRY, MINERALOGY, AND GEOLOGY, 


CHAPTER I. 

OjY the manufacture of blowing affaratus. 

Hlowpipe analysis having been shown in the Intro- 
duction to have been born an English science, and, 
indeed, “ within hearing of Bow bells,’* I may be ex- 
cused for describing its general objects to Englishmen 
in the very words of its founder^ Von Svauh (printed 
in italics in the original) : ‘‘ This art consists in a 
method of making mincralogical experiments upon a 
piece of charcoal with the concentrated flame of a candle 
blown through a blowpipe,^^ 

In order to blow this flame,^’ you must have a 
constant blast, and this blast may be created by three 
simple means, as follow : — 

1. A Mouth-blo7ver, or common blowpipe, in employ- 
ing which the lungs are used as bellows, and the 
cheeks as an air-reservoir. 

2. A Foot-blower y from which the blast is created by 
air-pressure, caused by repeated strokes of a pair of 
bellows filling an elastic air- reservoir. 

3. A lIa7id-blo7ver, the same as (2), only smaller, 
placed upon the table instead of under it, and worked 
by hand instead of foot. 


B 
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Before proceeding to a description of the manufac- 
ture of these apparatus, let me here dispose of a remark 
of the great Swedish chemist, Berzelius, which is still 
maintained and put in practice* by too many teachers 
and students of blowpipe analysis. After giving an 
account of various mechanical inventions to create a 
constant blast, Berzelius concludes : I jxiss them by, 
since all these attempts prove that the inventors had 
no correct idea of the use of the blowpipe [Plattncr 
and Ilarkort were among them !] and it may with pro- 
priety be said that they might as well have proposed 
to play upon a wind instrument with a pair of bellows.’ 

Berzelius was not the first grejit man and really 
clever writer who has committed himself to a foolish 
statement, and the metaphorical illustration of his 
views, although not wanting in a certain “ smartness,'’ 
is especially unfortunate nowadays, since the most beau- 
tiful wind instiaiment " Europe possesses — the English 
or Wheatstone's concertina — is ‘‘played upon with a 
pair of bellows." 

The fact is, that with greater air-pi'ossure (or what 
is popularly called “a more powerful blast ") the opera- 
tor obtains, if the bulk of his lamp or gas-dame is duly 
proportioned, greater and more localised heat, and, 
therefore, better and more rapid results. 

How to make a Mouth-Blower or Common 
Blowpipe. 

Procure half a foot of thin but stout, ordinary brass 
tubing, about seven -tenths of an inch in diameter; and 
another G-in. j)iece, a little smaller, so as to draw 
in and out of the former, and yet fit air-tight, like the 
tubes of a telescope. Now solder a round flat piece or 
disc of brass, a little thicker than that of which the 
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tubes are composed, into one end of the wider tube, so 
as to close it air-tight. These are called the “ body- 
tubes ol* the blowpipe, and are thus made to draw out 
and in, partly for convenience in packing, and partly 
to suit exactly wliat is called the “ focal distance ” of 
the eyes of tlie worker, wliich differs slightly in every 
individual, and is liable to be modified by age, sickness, 
&c. Everyone’s eyes see minute objects (small print 
for instance] best at a certain point in front of them, 
called tlieir “ focus,” the space between this point and 
the pupil of the eye is called its focal distance,’’ and 
it therefore follows that, il‘ a short sighted person uses 
a blowpipe with long body-tube, or a far-sighted man 
a short-body tubed blowpipe, in neither case will the 
operator see properly the minute ‘‘ reactions ” goiug on 
ill the “assay” or object upon wliich he is working. 

We must now make the “jet” of our blowpipe — not 
quite so easy as making the body-tubes — but here is a 
picture of it (A, Fig. 1), the sha^ie and about two-thirds 
the size it is required 
in reality to be, so 

that the student will ^ ^ ® " * 

have less dif^icult 3 ^ 

He will observe that 
it is also a tube of 
thin brass, but which 

tapers from a broader to a much narrower end, though 
not quite to a point. The dotted lines show where it is 
covered by the large bod v- tube o*f the blowpipe, across 
which it passes at right angles, about half an inch from 
the closed or soldered end above described ; and the stu- 
dent will note that these dotted lines represent on this 
scale seven-tenths of an inch, or a space equal to the 
diameter of the larger bod}’ -tube, into which it must, of 
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course, fit air-tight. The dark-shaded circle between 
the dotted lines is the air-hole for passage of the breath. 
B is the nozzle, which fits air-tightly, but without 
screwing, upon the narrow end {b) of the jet. Its nar- 
row end ij)) is solid as far as the dotted line, but bored 
mry correctly by a hole through its centre, which a 
coarse needle should close, for the passage of the minute 
stream of air required. These little nozzles, made of 
brass, are, 1 believe, sold for 2d. or 3d. each ; but they 
are best made of platinum, because in that case, when 
clogged with soot (as they unavoidably become after a 
time) they may be instantly cleaned before the blowpipe 
on charcoal ; and all platinum articles which are sold 
by weight, only stand the purchaser in half the original 
cost, because Messrs. Johnson and Matthey, of Hatton 
Garden, London, purchase old platinum wire-ends, &c., 
for half-price of an equal weight of new articles. 

We must now revert to the body-tubes again in 
order to finish our blowpipe. Having bored, with great 
correctness, two holes in the wider body-tube, of diame- 
ters corresponding respectively with the size of the jet 
at the dotted line 1 and 2, Fig. 1, and passed the jet 
through these holes so that it fills them air-tight, and 
stands out from the body-tube at right angles to it 
(Fig. 3), the workman now covers the narrow end of 
the jet with the nozzle (B), and fastens with waxed silk- 
thread over the broad end, one of those india-rubber 
bladders sold in the parks to children and nursery-mfiids 
for, I think, a halfpenny, but considerably reduced in 
size — C, Fig. 3. This is in order to make what I have 
called an “ air- reservoir blowpipe ; but he should also 
make a little copper or brass stopper (or a bit of coik 
with sealing-wax might eA^en do on an emergency), so 
as to fit air-tight into this broad end of the jet, thus 
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enabling the whole, if preferred, or when necessary, to 
be used, as an ordinary blowpipe. All niy artisan- 
student has now left to do is to make the “ trumpet 
mouthpiece '' (an invention of the celebrated German 
P 3 ^rologist Plattner) of wood, of the shape and size 
shown in Fig. 2, bored through as figured by the dotted 
lines, and having a little 
pasteboard valve (made by 
rtearly cutting out a cir- 
cular disc) glued on the 
bottom, as shown (open) 
at This mouthpiece 
must of course fit air-tight, 
and 3 ^et the st udent ought 
to be able to remove it when required. The valve may 
also bo made by simply fastening a piece of oiled silk 
loosel}" over that end, so as to close the hole upon any 
pressure of air from the inskle, but open it on receiving 
a blast from tlic mouth. Thus the air or breath can- 
not return into the operator's cheeks, but the more he 
blows after the clastic bladder is filled, the greater will 
be the air-pressure of the blast on the fiame; and he 
may even increase this pressure by squeezing the bladder 
with his hand. It is obvious that no practice is re- 
quired to use this blowpipe. 

The Air- reservoir Blowpipe” is now finished, and 
should present something of the appearance of Fig. 3, 
which is about half the natural size. The telescopic 
joint at a ma^^ be covered b\^ a small piece of elastic 
tubing, wdiich assists in keeping it perfectly air-tight, 
and also facilitates a good grasp of it by the right hand. 
The dotted lines show the distance which tube A gene- 
rall\^ projects into tube B. The instrument is packed 
by drawing out the two joints completely sej)arate. 
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taking out of its place the jet with its nozzle and wind- 
bag, folding the latter together in the shape of a small 
roll, and slipping them gently into the smaller body- 

tube A ; A is then, 
with its contents, 
pushed again into 
tube 11, but this 
time right up to 
the soldered end, so that the 
whole size and appearance is that 
of tube B. 

This form of blowpipe can, as 
above mentioned, be used with- 
out the “air -reservoir if re- 
quired, or if the supply of elastic 
bags is exhausted, by simply 
sto])ping the broad end of the jet 
so tliat it is air-tight, and re- 
moving the throat-valve v; but 
the student can, if lie prefers it, 
])urchase one of the conical 
tinned and lacquered iron blow- 
pipes called “ Black's " (said to 
be tlie iiiA'cntion of the celebrated 
Edinbiiigli chemist- Dr. Black) 
for, I believe, a shilling, and, of 
course, an air-bladder and mouth- 
piece with valve may easily bo 
fitted on one of them (Fig. 20). 
Ti.ez-e are numerous other kinds 
of ordinaiy mouth -blowpipes 
which need not be described here, as every sliop keep- 
ing these articles has a stock of them. Of these by 
far the best is the one known as “ Gahn's blowpipe 
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with Plattner’s trumpet mouthpiece” (Fig 4), of which 
Fig. 5 is a modification proposed by me. 




Pig, 4 ^ — Gahn’e Blowpipe. 



Fig. 5. — riattner’B Trumpet-Mouthpiece. 


How to make a Foot-Blower. 

Get a small pair of ordinary housemaid’s hand-hollows 
(price Is. Gd.) ; if thought too large, saw otf both the 
handles, file or cut off about three inches of the iron 
nozzle, and apply one end of a piece of elastic tubing 
(price 7d. per yard) to the stump hy means of a small 
angular glass or brass tube to lead it upwards ; fix an 
ordinary goldsmith’s curved blowpipe (price 6d.) in the 
other end of the tube, wdiich should be sufficiently long 
to reach comfortably to your lamp on the table, and no 
longer. At any convenient position between these 




little fine wire strapping or waxed silk, to act as an air- 
reservoir. Now open the leather part of your bellows 

carefully on the 
side opposite the 
valve, and fix 
neatly down by 
means of small 
iron-wire pins on 
that inner side, 
a not too strong: 
circular chair- 




cushion spring, 
so that when 
the bellows are 
pressed together 
the valve shall 
not be interfered 
with. The bel- 



lows being care- 
fully and air- 
tightly closed 
again, with the 
spring inside, 
will now remain 


Figs. 7, 8, and 9. — Ross’s Box Foot-blower, distended, and 

are to be placed 

on the floor near the worker’s right foot, valve down- 


wards. He will find such a foot or hand-blowxr almost 
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indispeD sable in operations with boric acid, unless he 
is a first-rate user of the mouth-blower. Figs. 7, 8, 
and 9 represent a box for apparatus which can be used 
as a foot- blower. They require no description. 

How to make a Leather Hand-Blower 
without Valve or Spring. 

A (Fig. 10) is a plan of the two wooden circular frames 
belonging to this blower, a being the smaller frame, 
and h the larger one ; the larger shaded circle is a hole 
cut in the upper smaller frame; the small shaded circle 
a hole in the under larger frame. B is a front eleva- 
tion of 4 showing a section of the windpipe as a dark- 
shaded circle, with an iron slot c underneath, for the 
head of a screw or nail fastened into the table, to keep 
the blower down when pulled upwards. C is a stereo- 
graphic sketch of the hand-blower in position, a and b 
being the two wooden frames, with d an elastic air- 
reservoir covered by a hair-net, and e a blast-pipe with 
nozzle, which can, of course, be made any length con- 
venient to the operator ; c is the table screw fitted into 
the slot above described, w’hich Mr. J. T. Letcher thinks 
might be done away with, by weighting the inner side 
of the large wooden frame A with two pieces of lead ; 
or the whole of its inner surface miglit be covered with 
a circular sheet of lead. This arrangement would not 
injure the table in any way, and would, I tliink, be 
sufficient to hold the blower down, making it a /idle 
heavier ; but that is not of much consequence. J] J\ J 
are pieces of elastic tubing, placed where convenient. 

To use the machine, the smaller wooden frame is 
taken between the operator’s thumb and second and 
third fingers ; when the soft leather bag has been thus 
pulled out to the utmost extent, as sliown in C, Fig. 10, the 
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hole a is stopped air-tightly by the^^rs^ finger, and the 
bag pressed finnly down, which motion has the efiect 



of driving its contained air into the reservoir r/, which 
is at once expanded, and exerts an amount of air- 
pressure upon the lamp-flame proportioned to its e;^- 
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pariRion. In pulling up the blower to renew the down- 
wards stroke, the forefinger is raised from the hole a, 
thus acting as the valvCy whilst the extremely slight 
muscular force of the arm required to pull up the soft 
leather bag, acts instead of the steel spring^ which 
constitutes the chief expense of leather hand- blowers. 

Mr. J. T. Letcher, of Truro, Cornwall, has been so 
kind as to make, at my request, a temporary but work- 
ing specimen from the above sketch and description, of 
the cheapest possible materials ; the air- reservoir and 
tube, l ig* 10, being made of one of those squeaking, 
elastic air-bladders sold in toyshoj^s for one-halfpenny 
each. He will, no doubt, make others more complete 
and stronger than this, to any orders ; and I am quite 
certain, from what I have seen of his work, that pur- 
chasers will be thoroughly satisfied with it, as being far 
more moderate in price, and yet quite as well finished 
as that of the best Freiberg makers. 1 have constituted 
him sole trade maker of this hand blower (which would 
a{)pear to be the cheapest leather one in existence), as 
well as of the whole of my pyrological apparatus. 

The dotted lines surrounding D show another form of 
wind-bag, which, I think, would be an improvement, 
and not increase the price at all. E is a rough 
sketch of the blower made by Mr. Letcher, closed for 
packing. All Figs, are half the natural size. 

Vulcanite Hand-Blowers.* 

An extremely ingenious one is made by the above- 
mentioned gentleman. It is, in few words, the con- 
version of one of those white, vulcanite, childrcids air- 
balls, about the diameter of one’s closed fist, sold in 
toyshops for 3d. or 4d. each, into a blowpipe hand- 

* Vulcanite blowers lose elasticity in a hot climate (as India). 
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blower (!), and a very efficient one Mr. Letcher has 
made of it. 

Although, 'of course, such a blower would not bo 



expected to possess the power of leather b(^l]ows, the 
return of the elastic ball to a splieiical shii]je after 
squeezing (which creates the atmospheric in-draught) 


Fig. 11.— Tlio old Froiberg II ir.d-blower. 
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being by no means so vigorous as tbe outwards force of 
a contained steel spring, or the muscular pulling open 
of hand (housemaid’s) leather bellows, and consequently 
the pressure of indrawn air and then of expelled air 
being proportionately less ; still, for ordinary purposes 
of blowpipe analysis — as e.g, the sublimation of volatile 
metals bn aluminium plate, &c. — this cheap and most 
ingenious little hand-blower is really first-class. 

The valves are placed in two small turned pieces of 
boxwood inserted into the poles of the little elastic air- 
globe, and an elast ic air-reservoir, covered by a hair-net, 
is situated about halfway in a piece of vulcanised rubber 
tubing leading to the telescopic stand for the jet and 
nozzle, which are moved up, down, or sideways on a 
kind of universal joint, this stand being also, 1 believe, 
an invention of Mr. Letcher. 

Fig. 11 represents the old Freiberg vulcanite blower, 
with stand and lamp. B is the bellows ; E the air- 
reservoir, and C the jet. The upper limb of the stand 
was graduated by me to show the angle of depression. 

Fletcher, of Warrington, makes beautiful little 
leather hand-blowers. Fig. 12. I shall conclude this 
chapter by quoting an account by the manufacturer, 
Mr. jShwman (1810), of Brooke s Pi^ifon Hand -blower : — 

“ The instrument consists of a strong plate-copper 
box, perfectly air-tight, 3 in. in width and height, and 
4 in. in length ; a condensing syringe to Ibrce air into 
the box, and a stop- cock with jet at one end of it, to 
regulate the blast. The piston-rod of the condenser 
works through leather collars in the cap, which has an 
a|)erture in the side, and a screw connected with a stop- 
cock, which may again communicate with a jar, bladder, 
or gasometer, containing oxygen, hydrogen, or other 
gases. The use of the instrument is very simple. By 
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a few strokes of the piston, air is thrown into the 
chamber, and forms a compressed atmosphere within. 
When the stop-cock is opened, the air expanding, issues 
out with great force in a small but rapid stream, which, 
when directed on the flame of a lamp, acts as the jet 
from a common blowpipe, but with more precision and 

regularity These blowpipes are very portable, 

not liable to injury, and answer, I believe, the expecta- 
tions of all who have tried them, and I have made many 
for difierent persons. The whole instrument, with lamp 
adapted to it, packs in a small box 6 in. long and 4 in. in- 



Fig. 12. — Flotcl.'or’s Lo.ithcr ilaud-blower and Lamp. 

width and height, and there is space enough left for 
other small articles.’^ 

I have ouly to add that some later German and 
American writers on Blowpipe Analysis speak (in a 
rather sneering manner) of foot and hand-blowers as 
being “automatic’’ (Greek automaton, a self-moving 
machine), but I would, with all due deference, observa^ 
that they are no more automatic than a mouth-blower 
is, the only diflerence being that the former arc worked 
by the muscles of the leg or arm, and the latter by those 
of the sides compressing the lungs, and of the cheeks. 



CHAPTER II 

ON TEE CONSTRUCTTON OF PYROLOGICAL LA3IFS~01L, 
CANDLE, AND OAK 

Having considered in Chapter I. the best forms ot 
Blowers, in stud^dng Blowpipe Analysis, I must now 
ask my readers to give me lor a time tlie wliole oi 
their attention and mechanical ingenuity while we 
devote an hour to a not less important matter : the 
construction of our fuel-burners or lamps. As inferred 
in the heading, pyrological fuel exists in three states 
or conditions — fluid, solid, and gaseous. In other 
words, as oil (for ‘^spirit,’* i.e, alcohol, is useless in 
this relation), as a candle or melted fat, and as coal- 
gas ; and it will be obvious that a lamp must be 
specially constructed I'or burning either of these three 
fuels. 

Belbrc entering on a descrijition of the manufacture 
of these lamps, it will be necessary to refer to an objec- 
tion entertained by many (unineiit blowpipe analysts of 
my acquaintance — more especially by those who have 
been students at Freiberg University — to the pyrolo- 
gical use of coal-gas as fuel. 

They say (what is quite true) that gas is invariably 
adulterated, more or less, Avith sulphur compounds ; 
and, secondly, that as the travelling mineralogist or 
pyrological chemist cannot hope to obtain gas on the 
scene of most of his operations, it is a mere waste of 
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time to teach him how to conduct these operations by 
means of gas as fuel ; he ought therefore (they say) to 
use only oil or candle-lamps, in order that he may not 
be misled or betrayed by any sulphurous reactions 
[I shall explain all these hard words when I come to 
use them on my own account], or by the ‘‘ fatal facility " 
obtained in operations with gas, in consequence of its 
comparative cleanness, absence of wick- trimming, 
greater heat, &c. Now, with regard to the first of 
these objections, the presence in some shape or other, 
more or less, of sulphur compounds in gas, although 
that defect certainly is invariable, it has not seemed to 
me, after an experience of some 12 years, to produce 
any great difference of results from those realised by a 
previous 12 j^ears’ experience in operations conducted 
exclusively by means of oil and candle-lamps, except, 
of course, in cases of testingyj^r sulphur and its com- 
pounds, when the latter alone must be used. 

The second dictum of restricting the operator at 
home to the use of oil and candle-lamps, because they 
are inferior to but more easily carried or procured than 
gas, is, it seems to me, about as reasonable as to 
require a chemist to use only in his home laboratory 
the little dropping-bottles of nitric or hydrochloric acid 
which he is compelled, for reasons of portability and 
convenience, to use on his travels in testing limestone 
rocks, &c., for carbonic-acid gas. 

I would, therefore, strongly recommend my student 
not only to use a gas-lamp, but the most powerful of 
all pyrological lamps, a hot-gas lamp worked by a 
foot-blower, as soon and as long as he can procure it, 
and when he can no longer do so, to tax to the utmost his 
ingenuity, in order to increase the power of his oil or 
candle-lamp so as to use constantly a foot or hand- 
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blower witb it also. I believe a good deal could be 
done with a petroleum-lamp, but having never tried 
one, I shall, as Berzelius says, ‘‘ pass it by here. 

Of oil pyrological lamps, by far the best, and, indeed, 
the only one now known, is that invented by Berzelius 
himself* (Fig. 13), which he filled with common olive or 



even rape-seed oil ; but when pure cocoa-nut palm oil, 
as it is sent from Ceylon, can be procured for this lamp, 
it is simply perfection in the way of oil-lamps, as this 
oil becomes solid at a temperature of under 70" F., 
which renders it extremely portable, whilst it afibrds a 
perfect pyrocone.’^ The following account, condensed 

* There are stronp^ reasons for heliovin" that tliis lamp was the 
invention, nut of Berzelius, hut of his teacher, Assessor Gahn, of 
Fahlun. 
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from Dr. Scheerer’s ** Introduction to the Use of the 
Blowpipe,’’ translated by the Editors of the London 
Annals of Pharmacy and Practical Chemistrj^” pub- 
lished by Freeman, 69, Fleet Street, 1853, describes 


The way to make a Pyrological Oil-Lamp. 
First, make the chamber K (Fig. 14, which is about 



one-third the natural size) of tinned iron or brass, by 
bending round the bottom, and employing as few 
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solderings as possible. This may be lacquered exter- 
nally black or brown, and should be attached to a 
metal loop with clamping-screw to move up and 
down upon the perpendicular rod S. Oil is poured in 
at the opening A, which is closed by means of a screw - 
cap B, Fig. 15 ; a, Fig. 14, and aCy Fig. 15, 
is the socket for the wick (made of strands 
of plaited cotton), which should be co- 
vered, when not in use, by a screw-cap 
similar to B. The principal construction 
of the socket and the opening for the wick 
may be perceived in the outline a', and 
from the anterior view <?', Fig. 15, also in 
the larger drawing at C. The lamp- 
chamber K should be screwed securely at 
an elevation equal to that at which the 
blowpipe is to bo held, and a convenient 
place obtained on the table to support 
the arm which holds the blowpipe.’^ I 
may add to this account, that the stand is made of two 
cross pieces of brass B, screwed together by the perpen- 
dicular rod S. I now proceed to show 

How to make a Pyrological Candle-Lamp. 

Make of any good conducting metal, as zinc, a strong 
oblong box, about the size of A a (Fig. 16, section), one 
end being partly closed by a rectangular four-sided 
plate, the narrow sides of which taper inwards like the 
frame of a slate, as shown (in plan) at B, Fig. 17. Into 
the box is slipped a rectangular candle of the same 
shape, having the double wick running near and parallel 
with, but not quite along, one of its two short sides, A 

Figs. 16 and 17. Even if I could myself make candles, 
it would scarcely be expected that I should have space 


a 



Fig. 15. 
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or time here to give a description of the manufacture, 
but 1 may mention that the largest candle-makers in 
the world — Messrs. Price & Co., of Battersea — have a 



-Ross’s Candle- Iftmp. 
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as to their manufacture. I have no doubt, from my 
knowledge of their liberality and public spirit, if my 
name is mentioned in any communication to that firm 
(which should ascertain from them the exact size of 
tlieir candle), that they will retail such candles to bond- 
idle artisans at wholesale jjriceSy especially if a number 
of workmen club together to purchase them. Fig. 16 
represents a little more than half of one of their l).yro- 
logical candles (for of course they can he cut into any 
required lengths) A h, resting on a metallic plate <?, which 
again is supported and pressed upwards by a spiral 



steel spring a. The candle and spring being placed or 
rather pressed in position, the bottom of the box is 
closed by sliding through slots or grooves cut in the 
inner bottom, longest sides, a long zinc or iron plate 
1)1), the front part of which, I) r/, acts as a tray for 
catching fallen beads, Ac. ; and upon this tray the 
owner may also place liis aliiniiniiim plate (to be after- 
wards described) when not in use, as it makes a far 
better tray than any otlier metal docs. Figs. 18 and 
19 arc older and sim])ler forms of candle-lamps. A 
(Fig. 18) is a mould of spare “ wax for fitting into 
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the round candle about the wick. In conclusion, as 
regards oil and candle pyrological lamps, it should 
be mentioned that as they are generally used with hand- 
blowers (see Chapter I.), the jet and nozzle of the 
blowpipe must be carried upon a stand capable of 

directing them up and 
down upon the flame 
at any required angle. 
The best and most port- 
able stand I have yet 
seen is that devised by 
! Fletcher, of Warring- 
ton ; it consists of three 
joints with a stand- 
piece for the lamp, of 
flat thin brass, and can 
be folded so as to be 
carried in the waistcoat 
pocket (see Figs. 12, 
23, and 14, p. 30, in 
my ‘‘ Manual of Blow- 
pipe Analysis The 
candle-lamp can be fed at top with melted fat, dripping, 
or even oil, so that one candle can be made to last 
almost indefinitely A very excellent and practical 
fat or dripping pyrological lamp has been simulta- 
neously devised by Dr. Foster, F.G.S. (who has given a 
description of it in the Mineralogical Magazine) y and by 
Lombardi, of 4, Argyll-place, Regent- street. It can be 
easily made of the closed end of an old iron gaspipe, 
about 2 in. diameter (price 2d.), which contains an 
arrangement of zinc foil for carrying the wick at 
any point of the inner circumference, and is filled with 
melted fat. The whole article, with fuel, ought not 
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to cost more than 6d. The instrument for snuffing '' 
these lamps will be described under the head of 
Apparatus/' 



Fig. 20 is an outline sketch of another form of air- 
reservoir blowpipe and candle-lamp, with tray, in use. 
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C is a stand made of brass wire, containing platinum 
or aluminium capsules, heating during operations, over 



the “pyrocone” or ‘‘ flame D shows the mode of 
holding the object operated upon ; A' is the blowpipe 
packed for tra veiling. 
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How to make a Pyrological Hot-Gas Lamp. 

A (Fig. 21) is a brass tube, or, if preferred, a rod about 
tbe diameter of the “ body-tube of the blowpipe 
(Chapter I.), which screws perpendicularly into a heavy 
metallic (lead or zinc) pedestal D, which should have a 
small projecting lip or point: if the ledge of the hot A1 
jjlate is placed under this point, the plate will stand up- 
right. Upon this brass tube fasten loosely by flanges at 
B', so that it can slide up and down, but remain flxed at 
any i)oint, the tube BB', to which is soldered near its lower 
part at B the horizontal 
tube 5, carrying a short 
Bunsen burner ll . ISTow slip 
over the top of tube B B' 
another, similar!}^ flanged, 
but much shorter tube C, 
with its flanges pointing 
downwards, carr^nng, by 
means of a solder near its 
top, the tube c c, which has 
a small slot or elliptical hole 
cut in its upper end v for the 
insertion of the foot-blower 
nozzle. These tubes {b andr) 
communicate by means of the gas taps E' and E respec- 
tively, and two elastic tubes (connected with one main 
elastic tube by the triangular pipe. Fig. 22) with the 
house gas})ipc at any gas-bracket. F is an ordinary 
goldsmith's blowpipe connected b}^ an elastic tube with 
a foot-blower under the table (Chapter I.). G is a box 
which can contain any small apparatus, covered by an 
aluminium tray g, for falling beads, &c. ; H, a pla- 





Fll,^ 23.— Cold-Gas Lamp with Fletcher’s Jet-carrier. 


dissolving boric-acid beads, and obtaining the insoluble 
borates formed within them by the action of the 
blowpipe, as will be explained in a future lesson on 
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‘‘ Reagents.” The tubes 5 and c can evidently be used 
separately, if required. 

The above-described apparatus forms the most power- 
ful and useful chemical blowpipe known, excluding, ot 
course^ the oxyhydrogen, and such blowpipes as Ilera- 
path’s, of Bristol, in which the blast is directed from the 
centre of the gaspipe. All such, as well as the pyro- 
logical use of an ordinary Bunsen burner, paralyse and 
jumble together the chemical effects of oxidation and 



reduction, for which the ordinary blowpipe pyrocone 
is so justly celebrated, and cannot, therefore, be used 
here. 

The sketch accompanying this description is taken 
from an instrument designed and made for me by its 
inventor, my old pupil, M. Lombardi, who showed me 
by a series of experiments which place the matter 
beyond doubt, that heating the gas is far more effective 
in obtaining this result than heating the blast, although 
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it must be observed that Mr. Fletcber^s hot-blast” 
apparatus heats the gas as well. The whole thing, ex- 
cluding the platinum dish, ought not to cost more than 
a few shillings. 

Fig. 23 is a rough sketch of an extemporised single 
gas-lamp, worked with a hand-blower. B is the blast- 
pipe carried on one of Fletcher’s portable stands ; G 
the brass ring for platiniim capsules ; D D a blackened 
zinc plate to act as a background against the blue 
flame ; ” E an aluminium tray ; and F a small box on 
which the gas-burner rests. Fig. 24 shows the capsule 
with water boiling over the pyrocoiie, while the bead 
or assay” H is under treatment. 



CHAPTER III. 

ON SUFJPOUTS AND APPARATXTS. 

Bp:roRE setting about bis work, the student of pyro- 
logical analysis has to make, adapt, or acquire several 
instruments, subordinate, indeed, to the two chief 
articles, a blowpipe and a lamp, the manufacture of 
which has formed the subject of the first two chapters, 
but still absolutely necessary, and indispensable to 
all progress. It will be evident to him on reflection, 
that having produced, as above described, what has 
been generally miscalled the blowpipe ‘Aflame,’’ — for 
it is in reality a beautiful cone of solid, dark-blue fire 
with an extremely acute “vertex,” ending in a point 
as lino as that of a needle, and which should, therefore, 
be called not a “ flame,” but a pyrocone (Greek 
latinised into pyr, fire, and Jwnos), or cone of fire — he 
cannot hold in it the object on which he proposes 
to work, or the “ assay,” directly with his fingers, but 
must interpose between those delicate members and the 
fire some intermediate article or instrument which 
shall possess the twofold negative property of not 
being destroyed b}^ such intense heat, and of not being 
even acted upon by it so as to communicate any part 
of itself, altered as by “ oxidation ” (which term I shall 
explain in another part of these lessons) to the above- 
mentioned “assay.” 
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These intermediaries are called “ supports,*' and are 
mainly of two kinds ; one, when the object to be 
‘‘ assayed *’ is supported before the blowpipe hy itself ^ 
generally expressed by the two equivalent Latin words 
per se ; the other, when the “assay ” is treated before 
the blowpipe along with some chemical substance “ de- 
composing *’ it (Latin de^ out of, and componOy I put 
together), as in using boric acid, or dissolving it, as 
in the use of borax ; the latter accompaniments are 
called “ reagents " (Latin re^ again, and ago, I act), 
and shall be discussed after the next chapter or so. 
Let us now, therefore, consider supports for the assay 
per se. 

The Aluminium Plate and Charcoal Support. 

Ever since the great discovery of the chemical 
qualifications of the mouth blowpipe by Von Svarb, in 
1731 (not 1738 as generally supposed), the thing he 
used — a large piece of charcoal of different kinds of 
wood, more or less nicely cut or shaped — has been 
employed as the most general support for substances 
treated before it per se ; but within the last ten years, 
chemists began to be aware of the very serious draw- 
backs apparently inseparable from the undoubted 
advantages of this use of charcoal, and to attempt to 
devise something to eliminate, or at least modify, the 
former, whilst retaining the latter. Alumndum-plate 
is my contribution to these attempts (proposed by me 
in 1871), and it appears to have been so fortunate as to 
be now generally accepted and employed throughout 
Europe and America, except at Freiberg, in 8axony 
(it is amusing to learn that many of the Freiberg 
students use aluminium plate in their own quarters), 
and in the “ John C. Green School of Science," New 
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Jersey, TJ.S.A., where large lumps of charcoal are still, 
apparently, exclusively used. It would be unbe- 
coming, therefore, to give here my own account of 
what I cannot but consider the advantages of adopting 
it, and I shall, instead, lay before my pupils a con- 
densed description, extracted from the Chemical News 
of Nov. 9 and 16, 1877, given by Mr. W.M. Hutchings, 
the well-known metallurgist and mining engineer, and 
one of the most brilliant English students who has 
ever proceeded from the famous Freiberg University. 
“ Those who are in the habit of using the blow- 
pipe .... will be well aware how difficult it is to 
obtain suitable pieces of charcoal for sublimates, and 
how expensive they are, even when they can be got at 
all. They are also very bulky, inconvenient, and dirty 
to carry, when one wishes to use blowpipe apparatus in 
travelling. For these reasons various suggestions have 
been made for economising and partially replacing 
them. Dr. Foster introduced a slab of un glazed porce- 
lain, the size and shape of a good piece of charcoal, 
having at the ends cavities for small pieces of charcoal, 
on which to place the assay. The porcelain surface is 
blackened by holding it in the lamp-flame, and receives 
sublimates in the same manner as a long piece of 
charcoal. Mr. Fletcher, of Warrington, suggested the 
use of porcelain plates having a small ledge at right 
angles, for the support of a bit of charcoal, so held 
that the blackened surface for receiving sublimates 
should be almost vertical, after the manner of the 
aluminium-plate, introduced by Colonel Hess. This 
would be better than either long pieces of charcoal 
or Foster’s support, as it is, undoubtedly, far pre- 
ferable to catch the sublimates on a vertical surface. 
But by far the best support in every way is the above- 
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mentioned alumi’nium-plate, first used by Colonel Ross, 
and described by bim in his book, ‘Pyrolo^}^" Having 
worked for some time with this, and, after long and 
careful trials and comparisons with charcoal, I have 
found it so very excellent and useful, that I think 
some remarks upon it may be of service to those 
who have not yet tried it. . . . It is, certainly, a pity 
that anybody should continue to use charcoal when 
there is something so much superior to be had. . . . 
The plate is not only a great gain as to the jiortability, 
cleanliness, and exj^ense, but also gives, in most cases, 
much better indications of the volatile substances sought 
for.” Again, ‘‘ Berzelius laments the difficulty of pro- 
curing good charcoal when travelling, even in the well- 
wooded regions of the North, and this difficulty, and 
the consequent necessity of carrying about a quantity 
of dirty charcoal, all travelling analysts must find 
an annoyance.” (Griffin’s “ Chemical Ilandicraft,” 
p. 372.) 

How to make the Aluminium-Plate Support. 

Procure a rectangular strip of aluminium jfiate 
not less than four inches long by two broad, 1-32 inch 
thick, or of the thickness of tliis lino “■*■, half an inch 
of one end of which should be turned up by pressing it, 
while the metal is warm, firmly on a table, and bending 
up [not too sharply^ the remaining portion in a ver Ileal 
position, with both hands, to an angle of 95*^ ; or a 
right-angle will do (Fig. 25, AC B), This half-inch 
horizontal part now forms a little ledge or rest for the 
assay, which, whether it be composed of one of the 
volatile metals, as bismuth, antimony, &c., (so ruinous if 
heated with platinum) or of mineral powder fused with 
soda or potash, before the blowpipe (C, Fig. 25), can be 
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held by an ordinary iron pressure- opening forceps, 
having long flat blades, and muffled with list or flannel 
wrapped round the handle to pro- 
tect the fingers, which would other- 
wise be severely burned by the 
tremendous heat-conducting powers 
of this metal, K, Fig. 2^ (a in which 
shows the scar of a very severe burn 
received by me when first experi- 
menting with aluminium plate in 
India). Fig. 27 gives a side view 
of these forceps. The corners and 
edges of the plate can be rounded 
by filing, to prevent tearing any 
lining of the blowpipe-case. These 
figures will again be referred to in 
describing the ?/6x’of apparatus; but it may be mentioned 
here that the dotted lines near A, Fig. 25, represent a 
thin, fiat rectangular slab of charcoal, fastened by two 



o 


Ficr. 20, 



pieces of thin wire over the front leg of the holding 
forceps for the purpose of recording the charcoal re- 
actions of sublimates, as it is a little addition of mine to 
this invention lately described in the Chemical Isfews^ 
and now figured for the first time. It is outlined in 
dotted lines because it will only be seldom emploj^ed, 
and to show the shape of the forceps- blade underneath 



ALUMINIUM-PLATE SUPPORT. 


35 


N.B. — Messrs. Johnson and Matthe^^, of Hatton Garden, 
sell aluminium by weig*ht (and cheaply, considering its 
specific gravity is extremely low) ; and, I believe, allow 
half price by weight for old scraps as with platinum. 
The plate is cleaned by dipping a piece of rag (silk 
rag of old umbrella covers is best) wrapped round the 
forefinger, in charcoal dust and water, and rubbing 
well at the spots or stains. If the charcoal slips 
are sawed over a porcelain dish or basin (r/. Fig. 
64) containing water the necessary paste will be 
obtained. The best way is to work as follows : — 
A fragment of the substance, about half the size of a 
small pea — or if it decrepitates, a corresponding amount 
of powder made to a paste with water — is laid upon llie 
ledge of the base plate, close up to the angle (as C, Fig. 
25), and heated very slightly, about half an inch from 
the tip of a pure blue flame which is directed downwards 
on the assay with a gentle blast. Any sublimate obtained 
should be examined from time to time : the heat being 
increased after each examination, till finally, very little 
or nothing more is obtained. The sublimates arc tlien 
cleaned ofl*, the same fragment of substance is placed 
on one of the slips of charcoal, in a small cavity in its 
centre (as H, Fig. 26), and again gradually heated, and 
the sublimate examined as before, till finally, in the 
strongest heat, nothing more is given off*. The flame 
should always bo so applied that its tip does not come 
nearer than half an inch to the assay, as long as any 
sublimate is obtained, and only in cases where nothing 
is given off', should it be brought so that the tip of the 
blue cone covers the assay. The reason for this is that 
some of the sublimates arc so very susceptible of i‘e- 
ducing action that if the flame were brought up too 
close they would be altered before thej- could be observed. 
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If no sublimate is obtained, either in the O F., or in the 
blue tip, the powdered substance should be mixed with 
its own bulk or rather more of sodium carbonate, and 
the paste heated on charcoal slip within the blue tip 
(IIutcMngs), 

Fig*. 26 shows three charcoal slips,” the size and 
shape in which I use them ; but of course they may be 
of any shape, or of no shape at all. A is the side view 
of a new one carrying a metallic assay. C ditto ^ of one 
partly burned awaj^ at the point of an oxidating pyro- 
cone. 13 is the view from above of an empty new one, 
with a hole bored in it by a penknife for the assay. 
(The assays should be perfect spheres, and not oblate 
spheroids, as here shown.) 

Fig. 28 is an outline sketch of an aluminium plate 
graduated to show the difiering ascensive force of sub- 



limates, with wadded tongs, resting on an ordinary 
4-oz. stoppered bottle. 

In case the student should be compelled or prefer 
to employ the old lumps of charcoal as a support, the 
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following remarks regarding its use are extracted from 
the latest published work on the subject — Prof. Corn- 
walPs ‘‘ Manual of Blowpipe Analysis, &c.,” New York, 
1882, and exhibit some of the drawbacks alluded to ; — 
“ The charcoal must be well burned, compact, but not too 
hard, of light wood, bass wood, pine, alder, or willow, 
and must yield only a little greyish or white ash, since 
a coloured ash may lead to mistakes in qualitative work. 
It is cut into prisms about 90 millimetres long (lin. = 
25*399 millimetres; therefore 1 millimetre =0 03937in.j 
and 25 square, so as to show on two opposite side faces 
the edges of the rings of annual growth, which should 
be ratlier close together, and the substances treated are 
to be laid on one of these faces. When both faces have 
been used, they are cleaned with a knife or rasp (a very 
dirty operation, in which hands and face are covered, 
and lungs filled with charcoal dust), or the block may 
be sawn through lengthwise. Great care is necessary 
m using charcoal a second time, to see that no mistakes 
arise from the presence of some of the substances already 
treated. Bits of charcoal can be used, except when 
coats are to be obtained, being held by some proper 
support. Natural charcoal is by far the best for quali- 
tative work. When it cannot bo had, the artificial 
coal (made of rice or starch-paste, an invention of the 
late Mr. J. Griffin, of Garrick Street) may be shaped in 
suitable moulds readily devised.” 

Glass Tubes as a Support for the Assay per se. 

The “ open-tube ” A (Fig. 30) and “ closed-tube ” 
B (Fig. 29) may be classed here, although they are, 
especially B, rather used over the flame of a spirit 
lamp, or the Bunsen (Fig. 21, I/,) than as ‘‘supports” 
for assays before the blowjnpe. A is made b}" heating 
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any point of a piece of hard, white, German- glass 
tubing, the diameter of the figure (price Is. per lb.) 
in a spirit-lamp flame, or gradual} u (or else it will 
break) before a blowpipe, to rt'dness, and then, 
holding the tubing with both hands, one on each 



Fig. 29. 



side of the red-hot point, gently bending it to the 
angle shown in the figure, and cutting a tube the 
size and shape of A off the tubing by means of a 
small file moistened wdth a drop of turjientine. The 
tube ’’ 11 (natural size) closed at top by the tip of the 
first finger, is a miniature test tube, more easily and 



Fig. 31. 


cheaply bought than made, except by a glass-blower ; 
it is sold I believe (of the best German glass) for a 
penny, and is a much more useful article than A, most 
of the result s of using which are better obtained on 
aluminium plate, and, on the other hand, II may be used 
as a kind of open-tube by emph ying the holder, Fig. 31, 
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the maiiufacture of which will not, I am sure, present 
any difiieultics to an English student. 

The assay is often required to he supported per se^ 
more ospc'cially in testing minerals, &c., for the 
coloured flame,” or pyrochrome (Greek fire, and 

chroma^ colour) it may emit before the blowpi])e, in a 
pair oi‘ forceps with platiman points made of brass oi* 
German silver, Fig. ii2, the French pattern; which is 



Fig. 32. 

the best, as the ends without platinum ft) are more 
capable of picking up small objects than in other 
kinds, as Fig. 33 ; the platinum tips (a, bought by 



Fil-. 33. 


weight as usual) are generally riveted on with small 
brass pins — a bad arrangement to my mind, as I 
And they invariably break oflP, after a }’ ear’s use 
or so, at these rivet holes ; a better plan, I think, 
but I have not tried it, would be to strap ” 
them firmly on with very fine platinum wire, which, 
when so thin, is cheap ; because, I imagine, on account 
of the brass rivets passing throuijh the platinum, which 
is so constantly and suddenly heated to redness and 
even whiteness, that a kind of pyro-electric action is 
set up ” between the two metals, and that this 
weakens the platinum and strengthens the brass. 
Thick platinum wire, bent round the assay, as shown 
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in Figs. 34, 35, 36, may be also 
used as a per se support. 

Platinum Foil is very seldom 
used now, as a per se support, but 
Prof. Cornwall says: “It should 
not be too thick, weighing about 
110 to 120 milligrammes (1 mgr. 
equals *154 gr.) per square centi- 
metre (1 in. equals 2*5 cent.), cut 
into pieces 40 millimetres (about 
1*5 in.) long by 25 wide, and it 
may be held by forcing its edge 
into a piece of charcoal. JSote , — 
Never heat a metal, metallic sul- 
Figa. 34, 35, 30. phido, or arsenide, in contact with 

platinum.” — (Page 14., “ Man. Bl. Anal,”) 

Supports for Fluxes or Beads — The Platinum- 
wire Support. 

This invention (by Assessor Gahn, of Fahlun, Sweden) 
is one of the most beautiful, perfect, and important, that 
was ever contributed to Blowpipe Analysis. The thick- 
ness of wire depends upon the size of bead required by 
the operator, and this again (within the limits of the 
law of gravitation), upon the “ energy ” of the pyro- 
cone emplo^^ed ; for it must be evident that an ordinary 
mouth -blowpipe, though used by ever so good a “hand,” 
will fail to produce by the heat of an oil lamp such a 
large bead, especially of boric acid, as the instrument 
shown in Fig. 21 could. After long practice and reflec- 
tion on the matter, I have come to the conclusion that 
the largest possible bead, and therefore the thickest 
possible platinum wire, is best : but instead of troubling 
my students with “ millimetres ” or other French 
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metrical expressions resolved into English inches, I 
have thought it the best plan to give exact pictures as 
to thickness, sbupe, and length of platinum wire- 
supports, Fig. o7, in which a represents tlie wire I use ; 
b (Fig. 38) that goncrally em23lo3X'd ; and c (Fig. 39) 



that (incredible as it may seem) figured as the proper 
thing in some modern English w^orks on chemistry. 

At Freiberg I 2 )urchased, in 1807, a beautiful 
mahogany case of blow 2 )ipe apparatus for 133 thalers 
(£20), containing, among other exquisitely-finished but 
superfluous articles, a little boxwood and German silver 
handle for holding these 2 ^ 1 ^tinum-wire sup 20 orts — 

Only this, and nothing more.’’ But in a case where 
com 2 )actncss and portability of a 2 ^paratus are among 



Fig. 40. 


the chief claims to the attention of scientific men put 
forward, as in Blowpipe Analysis, it is absolutely 
necessary to devise subordinate articles which shall 
answer at least two useful purposes, and I have therefore 
proposed as a holder, cleaner, straightener, and ring- 
maker of 2 >latinum wire, an instrument which also 
serves as a really powerful magnet, and a magnet 
is a sine qua non (T.atin, ‘‘without which, nof ) of a 
mineralogist’s blowpipe apparatus. This instrument 
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is a modified jeweller’s pliers 
(Fig. 40), but made of steel 
and burnished. Fig. 41 
shows it with the legs 
closed, and Fig. 42 with 
them open. Both are of 
the natural size, and ex- 
hibit a semicircle at nearly 
the bottom of the right leg, 
which may, or may not 
(according to the maker’s 
ability), have *25 stamped 
n 'ar, as this is the place 
where a ring *25 (or quarter) 
of an inch in diameter may 
be made upon the platinum 
wire ; w'hich is the size of 
bead generally made by mo. 
The large round legs, appa- 
rently perhaps too large, 
but not so when practically 
tested, enable the operator, 
by holding the very tip of 
a straight platinum wire 
firmly between them from 
below, at the part marked 
*25, and gently turning the 
pliers round with his right 
hand towards his left, which 
holds the wire, to make a 
good round ring like that of 
a, Fig. 37. The ordinary 
“cage-maker’s pliers” (Fig. 
43) also serve this purpose 



Fig'S. 41 - 42 . Rnaa’a MafTTififio 


Fig. 42 (natural size). 
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excellently. They may be graduated, as shown in the 
figure. The wire is straightened and cleaned by 
squeezing and drawing it gently through the broad flat 
inside part of the legs at b ; and this process is much 



more eflectual than that generally recommended by 
chemists, to dip the red-hot wire in hydrochloric acid, 
which also most certainly renders the wire brittle 
and causes it to break in ringing after a time, 
whereas this process strengthens it by a kind of weld- 



far as d. Fig. 42 (not farther), in the shallow space cut 
out for it, by drawing up the brass collar a Fig. 41, to 
the position shown ; by drawing it down to a. Fig. 42, 
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the legs are left wide open, and the pliers are then 
useful in the ordinary way, for taking up small articles 



or assays, &c. They are now to be utilised as a horse- 
shoe-magnet in the following manner : — Left wide open 
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and laid flat — not sideways as shown in the Figs., the 
pole of a big horseshoe-magnet (the use of which would, 
I feel sure, be allowed by any shopman possessing 
magnets) marked “ N ^Ms to be carefully and squarely 
drawn down the flat side of the leg S, Fig. 42, from A 
to S ; this is to be repeated, say, twelve times. The 
pliers are then to be turned over so that the other side 
is uppermost, and it is to be in like manner gently but 
firmly rubbed by the magnet, always in the direction 
from A to N, by the other, or S-pole of the big horse- 
shoe. An armature is supplied by simply closing the 
pliers. The end A acts as a charcoal-borer or small 
screwdriver by putting a cork over the sharp points. A 
“geometrical pen (Fig. 44) makes a cheap and capital 
support for beads on platinum wire, &c. 

Mr. Letcher, of Truro, Cornwall, has devised a most 
ingenious telescopic stand holder for platinum wire, &c., 
and for A1 plate on a pinch, though the grasp of the 
geometrical pen is scarcely long enough for that ; but 
I have doubled this length by boring another hole for 
the screw nearly at the base of the pen “ arm.’^ 

Fig. 45 is a rough outline sketch of an extemporised 
gas pyrological apparatus, showing the mode of treat- 
ing the bottom only, of a bead containing the assay 
powder in the pyrocone or flame. This is essential in 
the case of unknown substances containing arsenic acid, 
&c. (see Tables VI. 3, col. 4, and VII. 3) ; otherwise, 
the platinum wire will immediately fuse, and the ring 
break off. When the presence of a volatile metal is 
certified, the bead is unrolled from the wire and the 
assay transferred to the aluminium plate. 



CHAPTER IV. 

ON AUXILJAltT AFFAEATU8. 

FiiEinERG APPARATUS, in the profuse manner by 
which every one of the too-numerous articles is 
designed exclusively for its own separate use however 
trifling, and for no other, forming at last a bulky box 
which with its deal case is almost a porter^s load in 
itself, actually contains two articles for merely cutting 
and trimming a lampwick; (1) a pair of common 
scissors, and (2) a ‘‘ steel forceps ; but it is evident 
that these may be usefully combined as in Figs. 46, 
47, and 48, by making or adapting a pair of ordinary 
small-size scissors, each leg of which terminates in 
a broad flat point (which can be used as a charcoal 
borer), a. Figs. 47 and 48. The wick is compressed, 
as it often requires to be, between these flat points 
at a, and cut in the ordinary scissors-part at b. 
Fig. 4u. This instrument has been made by Griflin 
and Co., and answers very well ; it is called scissor- 
forceps. I purchased, the other day, for 2s. 6d., a pair 
of ordinary grape-scissors (Fig. 49), the upper surface 
of which, a, answers capitally for compressing the wick, 
and the opposite or under surface for cutting it. 

In like manner, the heavy steel hammer, with steel 
anvil and special steel forceps, all three for simply 
crushing small fragments of minerals to powder, and 
flattening malleable assays, contained in the Freiberg 
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set and the English copies of it, may be usefully and 
even perfectly superseded by one little, extremely com- 



Fig. 48. — Ross's Scissor- Forceps. 

mon, and very clioap instrument, known as “ denthf^ 
or crushing forceps (price Is. Cd.), the head of which 



Fig. 50. Fig. 51. 


is shown in Figs. 50 and 51. This, of course, may 
be of different shape (as, for instance, with square. 
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instead of rounded jaws) from that given in the 
figures, and yet be equallj'- good ; the only essential 
point is that there shall be an opening at a, without 
which there is less leverage, and consequently much 
less power. Figs. 52 and 53 represent the head of 
another useful and common steel forceps, called nip- 
pers, for nipping off crystals, or other desirable por- 
tions of a mineral upon which to operate. It may, 
but need not, have a little steel spring between the legs 
of the handle, as at a, in order to keep the knife-like 



Fig. 52. Fig. 53. Fig. 54. Fig. 55. 


jaws apart. If the artisan-student has a talent for 
invention, he may devise a combination of the two 
forceps (Figs. 51 and 53) in one, as Fig. 54, which is 
a modification of one of the champagne-cork extractors 
in use, with the nipping and cutting part, a, very much 
exaggerated, or rrononce, the French would say, and 
the screw-bottom, b, sufficiently large and protruded 
to enable it to act as a light but effectual hammer, 
although a hammer is really not required in blowpipe 
apparatus. This instrument could be easily unscrewed. 
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and the legs carried separately for convenient packing. 
Fig. 55 is a cobbler’s implement, which may be used in 
the same way. 

After crushing the assay-mineral roughly with the 
forceps (Fig. 50 or 54) instead of hammering it under 
a piece of paper (when, of course, you. get the addition 
of paper fragments to your assaj^) or between the legs 
of steel forceps upon a steel anvil, as they do at Frei- 
berg, it is necessary to reduce tlie coarse powder thus 
produced to fine dust, or using a drop of water, to paste ; 
and for this purpose by far the best thing is a pair of 
polished ngate slabs (Fig. 50). 

In Freiberg they use for this 
purpose — and German dealers 
have supplied with it all the 
chemical laboratories in Eng- 
land, making thus a lucrative 
trade — an agate mortar and 
pestle, the disadvantages of 
which seem to me as follow - 
(1) They are far more difficult to make, and proportion- 
ately expensive ; (2) After the hollow surface of the 

mortar becomes ( as it very soon docs) full of minute holes 
by grinding silicates and other hard minerals upon it, 
small portions of different assays lodge in tliese holes, 
and got mixed together, sc that the operator is deceived 
by his assay — a very serious thing in assaying some of 
tlie rare minerals, of which only a very small cpiantity 
is obtainable — and it is impossible to re-polish such a 
hollow surface, except by the proper polishing machine ; 
(‘j) If you happen to break such a mortar in the held 
you arc ‘‘ done for,” because it is impossible to woik 
with halves or fragments of it, and it cannot be used 
as a flat slab ” ; (4) Such a mortar and pestle are most 

E • 



Fig. 56. 



50 THE BLOWPIPE IN CHEMISTRY, MINERALOGY, ETC. 

inconvenient to pack, except in the luxurious mahogany 
Freiberg case, in which spaces the exact shapes of them 
are cut out and lined with velvet (!) The only counter- 
balancing advantage offered by the agate mortar to 
these very serious defects is that there is less chance of 
losing in a hollow surface than from a flat one, any part 
of a powdered assay ; an “ advantage '' wholly thrown 
away in regard to qualitative analysis (Latin qualifas, 
a quality or property), which is all we have to consider 
here. On the other hand, agate slabs may be any shape 
or size you like or can obtain, provided they have each 
one polished, plane surface. As mentioned in the intro- 
duction, I made a pair of excellent slabs by simply 
cementing or gluing a couple of old agate brooches 
(price 2d. each), into two square blocks of wood. Fig. 
66 is the sketch of a pair made for me by GriflGln and 
Co., one of which has a rounded corner, at a, for using 
it as a kind of pestle, with very little assay powder. But 
any side of these rectangular slabs answers for grinding 
with ; and when any surface gets corroded or ^‘holy,^^ it is 
only a matter of a few minutes and of sixpence expense 
to have it reground and polished. Besides these great 
advantages, agate slabs afford beautifully clean and 
smooth surfaces upon which to rest hot or wet assays 
or dry powder to be neatly taken up by a red-hot 

bcad.^' 

In order to save the agates as much as possible, and 
to retain every particle of a small, hard assay, it is very 
convenient, but by no means necessary, to have a 
closed steel mortar (invented by a German chemist 
named Abich, and therefore called “ Abicli^s Mor- 
tar,’’ see Fig. 67), of which Figs. 58, 69, and 60 
represent a modification devised by myself. The 
outer surfaces act as a little anvil, if required, and 
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it is called, in consequence. The Anvil-Mortar. A h 
is a solid, hard-iron or steel square prism, of any 
size convenient to the owner. a is a polished steel 
piston, or cylinder, passing air-tight into, and through 
a circular hole or chamber, with polished sides, which 
is very correctly bored through the long axis (Latin 
axis, an axle) of the prism. Figs. 58 and GO A are a 

side view, and Figs. 59 and 
^ GO B a top view, of the ma- 
chine. The piston being di 
vidcd into sections, the upper 
part, a, is withdrawn, and the 
mineral fragment or assa^^- to 
bo crushed drop- 
ped into the cy- 
linder, upon the 
lower part d. 
a is now re- 
placed over d 
carrying tlie as- 
say, and gently 
tapped with a light hammer 
on its upper surface until 
that is level with the upper 
surface of the prism A whicli 
shows that the mineral is com- 
pletely ci’uslied. CoridHlam 
(tlie hardest mineral in the world next to diamond) can 
be instantly crushed thus to fine powder on a Brussels 
carpet, and the powder then obtained by pushing the 
piston through, upon a clean sheet of paper. In 
Abich’s mortar, which has a closed bottom, the powder 
must be scraped or swept out. A l(Ofs (Latin, lens, a 
lentil-bean) or magnifying-glass. Figs. G1 and 62, is 




Fiir. r,2. 


Fig. (il. 
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an indispensable accessory to a blowpipe, without 
which you could not properly observe the reactions 
which have taken place in the transparent, or semi- 
transparent, ‘‘ bead.’^ The figures show the ordinary 
watchmaker’s shape, or “ loup ” (which is by far the 
best), cut in horn, but containing two doubly-convex 
(Latin, convexus, swelling or rounded, as the upper 
surface of an arch) lenses, which are pieces of glass 
shaped like a lentil-bean. The prices of good lenses 
are less than they formerly were, but they are still, in 
my humble opinion, far too much. With our numerous 
and splendid glassworks, the English artisan ought cer- 
tainly to be able to buy a lentil-shaped, cut and polished 



piece of “ crown ” or “ flint ” glass this size for 6d. at 
the most : he can easily use this on a pinch without any 
frame at all, but a turner ougiit to produce such a frame 
as Fig. 62 out of a piece of horn for, say, 6d. more. 
At all events, the Americans are now selling in London 
excellent little lenses in German-silver frames, screwing 
into a plate with white bone handle, containing also a 
needle with piece of glass for holding the object ” 
(which is quite useless), all for one shilling ! I pur- 
chased two of these the other da}’^ at an American shop 
in the Strand, threw away the handle and plate of one 
and the needles and glasses for objects of both, and 
screwed together the two lenses so as to form the small 
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double-lensed hand -microscope. Fig. 63 (one-half the 
natural size), which has cost me 2s., and is a really 
efficient little thing : French lenses of large aperture, 
with botanic stool, are now sold in the Strand for 2s. 
A charcoal san\ made by filing teeth in a broad 4 in. 



piece of clock- spring, after allowing it to cool from red- 
heat. The ends may be rounded to form a spatula. Fres^ 
sure-operwfj tongs for holding and taking up Berlin por- 
celain or platinum basins containing boiling water (Fig. 
64, d). These are made of a single piece of ordinary stout 
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iron wire, twisted in the manner shown in the figure, 
the elasticity of the outer sides of the handle of which, 
a a', forms a strong spring, which exerts a pressure in 
the ringed legs c c' towards each other, and thus keeps 
the tongs always closed until pressure is applied to the 
sides a a\ when the legs immediately open ; it is thus 
evident that the legs will hold anything (as a capsule 
or basin or even aluminium plate) very tightly 
between their rings c c\ and that, when the tongs are 
held in the fingers as shown by the dotted lines so that 
no pressure is applied to a a\ a little dish of boiling 
w^ater thus clutched may be safely and easily taken from 
or placed over a spirit-lamp or liiiiisen-burner, the dish 
being set free in its required position by pressing a a' 
towards the inner handle For simplicity, cheapness, 
and cleverness of construction these tongs are, in my 
opinion, unparalleled. 1 cannot ascertain the inventor’s 
name, which I trust is English ; but it ought certainly 
to be known and recorded. I bought several pairs at a 
shop near Argyll-place, K-egent Street, for 4d. each. 
A p^^darife and Jlat file arc often necessary : they 
require no description. A magnvtic needle^ made by 
magnetizing a lady’s large hair-pin as described in 
Chapter III., and swinging it on a silk thread : I have 
seen it turn with 2 c./c. iron in Molybdenite, 

Glass Apparatus. 

The CobalUsoliition dropping^hotile. Fig. 65 ; but the 
best shape consists of a little pipette with bulb-handle or 
top, passed through a cork up to the bulb into any ordi- 
nary small bottle (Fig. 66). Chemists sell them, I believe, 
made of German glass, for a shilling each. The heat of 
the hand expands and drives out a portion of the air in 
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the bulb, and when the pipette is then (while the bulb is 
warm) placed in the solution, a portion 
^ 'X is drawn into the pipette by ‘‘ capillary 
/ I attraction,” and into the bulb with the 

returning air, and is expelled, drop by 
drop, when the bulb is again warmed 
by the hand. The figure shows a drop 
r . iu the act of falling into the bottle. 

Tig. 67, A Spirit-la nip . — This is the 
best form, made in Germany, and sold 
b}^ London chemists for a shilling 
each. (I am in hopes that when a mil- 
lion of my artisan-countrymen take to 
Blowpipe analysis, all these apjiaratus 
will be manufactured in England still 
more cheaply, and a great trade thereby 
obtained.) a is a brownish, unglazed 
porcelain wick-holder, shown half the 
natural size in Fig. 68, which fits 
Fig. loose!}' into, and just below, the neck 




I'ig. 66- Fig. 67. 68. 
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of the blown -glass bottle A ; this latter is slightly ground 
outside, so as to fit closel}'' against the ground inner 
bottom of the glass cap h ; the tail of the plaited cotton 
wick (which should be pretty long, to suck up as much 

spirit as possible), is left lying loosely at the bottom 
of the lamp, which should not be filled with methylated 
alcohol above 

A dropping and washing •bottle, containing distilled 
water. Figs. 69 and TO, of exclusively German manu- 



Fig. G9. 

facture now, though invented, I believe, by an 



Englishman — Dr. Wollaston — is an indispensable 
accessory to the pju’ologist who wishes to work in 
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a cleanly and correct manner. It consists, as will 
be evident from tbe figure, of a small globe of blown- 
glass, drawn out at one upper side into a pointed 
beak or pipette, «, Fig. 70, wliieb has a neck 
carrying a cork and small bent-glass tube, h c, at its 
base. When required for dropping, the bottle is taken 



Fig. 71. Fig. 72. Fig. 73. Fig. 74. 

Useful brushes of different Jcinds. 


up between the thumb (underneath) and two first fingers 
(on either side of the neck), and held with the beak 
downwards, when, after a shake or two, the water 
will flow in drops only, occasioned by the partial 
admission of air through the narrow tube to take its 
place in the bottle. When required for washing a 
small object, the bottle is held over it. beak down, and 
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the tube gently blown through by the mouth, when a 
minute stream of water will issue from the beak ; a 
larqo ** subject is washed by reversing the bottle and 
blowing through tlie beak, when a comparatively large 
stream of water will issue from the tube. A very good 
‘‘ dropping-bottle^^ for cobalt solution or pure water may 
be extemporised (Latin <?./*, for ; and tern pus ^ temporis^ 
time) by corking an ordinary wide-mouthed bottle con- 
taining the fluid to be dropped with a cork having a 
glass tube passed through it into the solution. If the 
tube is closed above with the finger, and withdrawn 
together with the cork, part of the solution will remain 
in the tube, escaping by drops wlien the finger is with^ 
drawn (Cornwall, ‘‘Bl. Anal./^ 1882, p. 19). 



I7[.r ^r^,—rapsHlcs (natural aiz(0, of rlatinimn or aluminium, v:\ih a 
""ilattoiUMl lustoUliull. t lor k.-rpinp: it down wlicn arlai-- as a cover 
ior Ikrlin basins containing; boiling solutions: tig. <0, a tyulH-ig; 
horn or brass ca]»sub'. for transferring powdeis or snuili particles to 
vessels with conlnictcd mouths. 



Pig 77 —G!(i(is for ki-cping: oxides, on ; these have chemical 

^formulas .Vc., cng:rave.d /A/e/.vr.z/v/.v on one 
over, the letters are correctly exhibited thiough the i^lass. 




CH APTEH Y. 

ON THE STRUCTURE ^NI) MANAGEMENT OF 
FYROCONES, 

The student has now got his lamp, blower, supports, 
and auxiliary apparatus all ready ; but before com- 
mencing operations it will be necessary to understand 
the nature and action of the fiery agent — “ the genius of 
the lamp ’’ — by means of which he is about to work, and 
to produce which he has taken all these pains. There is 
a great deal of truth in Griffin’s remark (at p. 40 of that 
very excellent little book “ On the lllowpipe,” published 
in 1827, which immediately succeeded that of llerzelius, 
and preceded by eight years that of Plattner, but was, 
apparenth^, neglected by English chemists of the day 
because it was English, and not written by a professional 
chemist) that the long “ explanations ” regarding 
fiame-structure, or rather candle-flame structure, to be 
found in most blowiui)e manuals, “ are very tiresome 
and very useless,’* and that, “ in our opinion, correct 
notions respecting flame (Children) — such at least as 
can be got at the present time — are not, to the 
operator with the blowpiiDe, worth the trouble of 
acquiring.’* In the transmutation or so-called trans- 
lation,” by J. G. Children, F.K.S., of the French 
translation of “ Berzelius,” a note extending over 
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several octavo pages of these correct notions’^ is 
given the unfortunate reader, in which the curious 
i5onclusion is eventually arrived at, that “ the form of 
^he flame of a common candle for instance, is conical, 
because the greatest heat is in the centre of the explosive 
mixture ’’ (pp. 23-27). 

But, although a knowledge of the cause of structure 
of a candle-flame (still, by the way, an open question) 
is doubtless, as Griffin says, quite unessential to a 
knowledge of the proper use of the blowpipe, the same 
remark most certainly cannot be applied to a knowledge 
of the structure of the beautiful dark-blue cone of fire or 
pyroconc, instantly formed by the application of a 
proper blast to the side of this candle- flame ; and, 
fortunately, a few simple experiments, which can 
be made by the poorest mechanic in his garret in 
a few minutes, will place the anatomical structure 
(Greek anatorne, dissection), of this pyrocone before us, 
as completely as a scalpel would display the structure 
of a lobster to Prof. Huxley. All the experimenter 
wants is a mouth blower (Fig. 3), a common candle, a 
little spirit-lamp (Fig. 67), and a window (in daylight, 
but not sunshine). Experiment 1. Taking the lighted 
candle in his left hand, and the mouth-blower in his 
right, he holds the former steadily for a minute on a 
leccl n’iih his eges, in front of (looking through) the 
window ; ho will thus plainly observe the heated-air, 
&c., undulations, rising like a faint waving cloud, from 
the candle-flame {a a. Fig. 78). Now, keeping the 
candle in the same position, he sends a blast with 
his mouth-blower, the nozzle of which is kept in the 
position c, horizontally through these heated -air 
undulations, about half an inch above the point of the 
candle-flame. If he possesses ordinarily good eyesight, 
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he will now observe the shape of the blast, passing like 
a phantom needle {b) across these heated-air undu- 
lations : this line is evidently the space occupied by 
the minute but strong current of air from the blow- 
pipe, in which the heat waves are checked (and the 
line thus rendered visible), although they display 
very considerable velocity considering the small source 
of heat from which they emanate. Conclusion or Fact. 
The blast from a blower has the form of a right line, 



the thickness of the diameter of the nozzle-bore. 
Experiment 2. The experimenter now advances the 
nozzle of his blowpipe carefully downwards, and 
towards the base of the right side of his candle-flame 
(still held on a level with his eyes), pointed just 
over the wick, as at c, Fig. 79, and projects a blast 
from his mouth. The blue pyrocone instantly produced 
from the candle. Fig. 79, is something like what he 
sees, the heat -undulations, now invisible, taking the 
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form a a\ He can no longer, of course, see the blast, 
but sees plainly that it takes the position c h. By 
holding his candle a little lower and attempting to 
blow into the blue pyrocone (in which he can’t succeed) 
he will easily observe a dark shadow (apparently) on 
the upper surface of the pyrocone, which is, in reality, 
the mark of friction (minute waves) caused by the 
blast passing rapidly over it ; just as a sudden, strong 
gust of wind passing over a perfectly calm sea causes 
an apparent shadow on its surface. It will, indeed, be 
evident to my students after a little close reflection 
(which has apparently never been vouchsafed to this 



matter before) that, if this fact — the non-penetration 
of the pyrocone by the blast — did 7iot occur ; in other 
words, if the blast could penetrate the flame, there 
could be no pyrocone at all ; for the blast would 
simply bore a minute hole right through or into 
the candle-flame, leaving it in its perpendicular 
position, just as it bores a hole b through the heat- 
undulations a a'. Fig. 78, and as it bores a hole into 
the thinner consistence of a spirit-lamp flame, Fig. 80. 
Conclusion or Fact, The blast does not penetrate the 
flame as ordinarily supposed, but produces (Latin pro, 
forwards; ducOy I load), or draws forward its under 
or blue part in a conical shape. Experiment 3. The 
cause of this conical shape may be apparently ascer- 
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tained by a third experiment. Taking up the lighted 
spirit-lamp in his left hand, and the mouth-blower in 
his right, the experimenter now directs a blast, from 
about half an inch distance, into the thin matter 
of the right side of the spirit-flame, Fig. 80. The 
shape oj the blast is now again observed passing into, 
but not quite through, this flame, which has evidently 
a consistence more dense than that of the heat-undu- 
lations a a\ Fig. 78, but less dense than the candle- 
flame itself, which the blast cannot penetrate at all. 



Fig. 80 . — Shape of the Blast in a Spirit-lamp Flame. 


The spirit-flame density, in fact, lies between these 
two ; and, consequently, the blast-auger bores some 
distance only into this side, pushing or driving out of 
the opposite side of its viscous substance a superficial 
or outside image of itself, 6, Fig. 80. 

But the strange part of the matter is, that this blast 
is differently shaped from the first blast ! It consists 
of two lines meeting in a point and forming a coney 
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whereas the first blast appears as two parallel straight 
lines, forming part of a needle. Now, we know it to 
be absolutely int.possible that the form, or any other 
characteristic, of this blast should have altered, the 
conditicms of blowing having remained precisely the 
same. We must, therefore, look into the siirroundlnys 
(as I did in 1874) for the cause of this change. The 
conclusion I then arrived at, which still seems to 
me the most satisfactory one, is this ; and it is the 
only suggestion ever offered by any writer on Blowpipe 
Analysis as to the cause of the conical shaj^e of the 
blowpipe “ flame.’’ 

A minute but strong current of air, like that projected 
from the nozzle of a blowpipe, creates a vortex (^or 
small whirlpool) in the surrounding air. This vortex, 
which is of course invisible, drarvs in the impenetrable 
candle-flame, blown aside down to the blue part e, 
Fig. 78 ; turns it wholly blue (from a cause to be here- 
after adverted to) ; and necessarily converts it to its own 
shape — that of a finely-pointed cone c a bj Fig. 79. It 
is this cone which forces its way into the comparatively 
thin spirit-lamp flame, as b' Fig. 80, and the gyrations 
(Greek guros, Latin gyros, a circle) of which, being of 
the same gaseous constitution as the heat -undulations 
a a\ Fig. 78, consequently combine wfith them, and 
cannot be there seen. 

Now let us mark the importance of a knowledge of 
this fact in the operations of Blowpipe Analysis. Ber- 
zelius, who started the “theory” of “an outer and 
inner flame ” in the blowpipe pyrocone — which is still, 
in spite of the incontrovertible evidence to the contrary 
supplied by the above-mentioned facts, employed as an 
“ explanation ” by writers on the Blowpipe — states 
(page 17, Whitney’s translation, Boston, 1815) that 

F • 
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“ when air is forced into the flame with the blowpipe, 
a long, narrow blue flame appears directly before the 
jety This is obviously an “opticp^ illusion'’ caused 

by the angle of depression a i 
Fig. Hi, under which he viewed 
the matter. A triangle formed 
between the points — the plane 
of his eyes, the plane of the jet 
of his blowpipe, and his mouth 
whence the blast was delivered. 
Fig. 81, shows this clearly, 
although the sine of the angle h 
in the natural size is of course 
proportionally greater. Had 
he hold his lamp-flame and 
blowpipe in the horizontal 
plane of vision, i.e, at the level of his eyes, as required 
in experiment 2, he would have observed the appear- 
ance of the blast and pyrocone c 6, Figs. 79 and 86. 
Had ho even taken advantage of the depressed angle 
in which ho viewed his pyrocone, and looked str((i<fht 
dorm upon it from above, he would have got a siglit 
which must have at once convinced a man of his 
talents that the blast did not penetrate the pyrocone. 
Fig. 82, which is, in fact, a ijlan of Fig. 79, shows 




this ; d is the black or caibonised wick, seen through 
the hollow space formed naturally in all candle- 
flames, and shown in elevation at d. Fig. 78 ; ^ is the 
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sharlow-like friction caused on the surface of the pyro~ 
cone by the action of the blast, as above described, 
the appearance of which has evidently led to the idea 
of an “inner flame.*’ Now, it is evident that the wick 
is here seen through the blast-space formed of a trans- 
parent medium like air, and not through a blue hydro- 
carbonous medium like a blowpij^e pyroconc, were the 
blast really, as Berzelius supposed, inside of the latter. 



Fi-. 83. Fig. 81. 


All, or nearly all, rising heat radiation is also sto]^ped 
— evidently by the superposed blast — though nut in 
other directions. In order to confirm the supposed 
presence of encircling gyrations {c d tj, Fig. 71^) sur- 
rounding the properly made blowpipe pyrocoiie, an 
extremely fine platinum wire (which possesses great 
“ spring ’* or elasticity) is held perpendicularly to, and 
with its point touching one side of the pyrocone, w'^en 
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a series of nearlj’' vertical ellipses are described by the 
point (Fig. 83), showing that it (the point of the wire) 
is moved by some up-and-down force like that of a nearly 
vertical vortex, c a\ Fig. 79. If, on the contrary, the 
motion were merely a horizontal one, as Berzelius sup- 
posed, caused by the “ flame ” passing from right to 
left, it is evident that the point of the wire would 
describe a series of horizontal zigzags, as shown in 
Fig. 84. 

The same phenomenon can be further illustrated by 
holding a red-hot bead of phosphoric acid, or of lithium- 
carbonate, or of any volatile substance which affords a 
coloured flame as at a\ Fig. 79, or just under the base 
of the pyrocone, when, almost instantaneously, a 

mantle of that coloured light extends round the 
cone from the base c a\ to the point b, envclo 2 :)ing the 
wliole pyrocone ; whereas a straight horizontal move- 
ment would only colour the side of contact. The above 
proofs will probably appear to the analytical mind con- 
clusive as to the formation of the blowpipe pyrocone 
l\y the compressing effect of a vorticose envelope of 
clastic heated air ; but the following experiment seems 
to me to afford a confirmatory “clincher” of that fact. 
If, as Berzelius suggested, the blast penetrated the 
pyrocone, the superposition closely over the base of the 
latter, but not touching it, of a platinum capsule C, 
Fig. 85, would and could make no diffi rence in the 
pyrocone. But what is the result ? As soon as the 
capsule is so xdiiced, the pyrocone is instantly lengthened 
from E to D ! Now this result could only be X)roduced 
by squeezing an elastic gyrating envelope of this kind, 
and thus reducing its basic diameter ; for it is a well- 
known law of vorticose motion that the length of the 
cone is inversely j)roportional to the diameter of its 
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base ; or in other words, is directly proportional to the 
shortness of its basic diameter. A B, Fig. 85, repre- 



n 


sents the disc of a double (air and gas) pressure gauge 
or manometer (Greek manos. rarefied, and mctron, a mea- 
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sure) ; for an exact proportion being absolutely neces- 
sary between the air-prossure (or blast) and the gas- 
pressure (or flame-bulk), in order to produce a proper 
pyrocone j a roaring noise and broken pyrocone — 
proceeding from the violent destruction of the pointed 
end of the aerial vortex — indicate excessive air-pressure, 
or, popularly speaking, that ‘‘ the blast is too strong; ” 
whilst the opposite defect — excessive gas-pressure — is 
indicated by luminosity ; the gas flame turning lumin- 
ously upwards in spite of the ehbrts of the blast to 
keep it pyroconically horizontal. I thought, therefore, 
that with a supply pipe of given diameter, one end 
of the gas-tap, 13, turning off the gas, might pass 
over any determined scale (say, of pyrocone-lengths) 
on the disc, showing the required gas-pressure ; and 
the other end A, turning on the gas in order to 
meet an excessive blast, over a scale showing the 
requisite air-pressure. Such “ double manometers’' 
would apparently be useful wherever gas blowpipes 
are used, and a single disc might be attached to 
blowers for oil or candle lamps. I am afraid these 
minute controversial details may prove tedious to 
the student ; but it was nevertheless impossible for me 
to omit them, bearing as they do most essentially upon 
the proper management of the pyrocone and, therefore, 
upon the proper method of operating. It 'will be 
necessary now, however, to show the student how to 
use an ordinary mouth -blowpipe not provided with a 
valve, like that in Fig. 3 ; and this can apparently 
be dune without using any anatomical expressions, 
such as the musculi buccinatores ” (cheek-muscles) 
of some authors (Trans. Plattner, p. 10). Get a 
lighted candle (Fig. 78) and a common mouth-blo'w- 
pipe ; apply the thick end, or trumpet mouthpiece, of 
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the latter to the nearly closed lips, and the thin end to 
one side of the candle- flame ; pufi* out the cheeks and 
blow through the blowpipe on the candle, breathing 
through the nose strongly and audibly all the time ; 
when the breath in the cheeks begins to be exhausted, 
pronounce the word cow in your throat without opim- 
ing your mouth, by which pronunciation you will find 
your cheeks ^jufled out again, or, in other words, the 
cheeks replenished with breath as an air-reservoir. 

The student has now, fairly and honourably, by 
rational argument alone, arrived at the logical con- 
clusions [a) That the action of the blowpipe upon the 
flame of a candle or lamp produces, not outer and 
inner flames, ’’ but only one solid cone of blue-fire, 
which, as it is obtained from a hydrocarbon (this word 
will be explained in another part of these “lessons,*^ 
but all oils, candles, or coals are hydrocarbons’’), must 
be composed of hydrocarbonous matter in a state of ig- 
nition ; and (i) That this hydrocarbonous pyrocone is 
closely surrounded or enveloped by gyrating, strongly- 
heated atmospheric air, which contains a gas called 
oxjjgen (another chemical term to be afterwards ex- 
plained). It is this ‘‘ oxygen ” that forms what chemists 
call oxides (but which I have ventured to call pyr- 
oxides, as the}^ are here produced by the direct action of 
fire) on the surface of solid, but also in the interior, of 
very fluid assays. Now, it is evident, from the picture 
llerzelius gives of what he calls the “ outer and inner 
flames/’ that (betrayed by his scorn for blowing ap- 
paratus), the blast he produced from his mouth blow- 
pipe was not duly proportioned to the bulk of the flame 
he produced from his oil-lamp, or, popularly speaking, 
“ was not strong enough for it.” He only blew tht 
flame feebly on one side, and, consequently, left what 
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he called “a brilliant part — a part altogether dis- 
carded by later writers, as Fresenius, and Landauor, of 
Brunswick^ neither of whom show any inner flames ” 
in their pictures of pyrocones. 
Landauor, indeed, draws a py- 
rocone precisely as I myself 
would draw it, and even exagge- 
rates my view, by showing a 
JL too-flaik sljadow or “ rip[>le- 
£ mark ” of tlu- ])last -friction on 
r f/'f' snr/orr (4 his bine pyrocono. 
c M lien l>er/(‘lius develoj>ed tlio 
^ idea of the blast being in.sidc 
the pyroeone, it was, oi‘ course, 
r, neci‘ssary to modify the logical 
Y (and true) conclusion of his 
7 teacher. Dr. Gahn, and of the 
^ ^ ^ celebrated chemist, Dei’gmann, 

\, \ c:' who both asserted that the in- 



tcrior of the blue pyrocono is 



the proper position for holding 
an assay, if you wish to deprive 
the latter of oxygen, or to “ re- 
duce ” it, for it is obvious tliat, 
if it be admitted that this cone 
is filled with air by the blast, 
and, therefore, contains oxygen, 
such a position would never de- 
prive an assay of oxygen ; 
lierzelius, therefore, without a 
shadow of or attempt at reason- 
ing in support of his assertion. 


dogmatically states : The blue flame was formerly 
regarded as the proper reducing flame ; this is, however, 
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untrue, for it is tlie brilliant portion of the flame which 
causes deoxidation.” 

When a 2 yroper pyrocone is formed then — that is, 
when the blast is exactly proportioned to the bulk 
of flame — whether of oil, candle, or gas- lamp ; but we 
shall take the last-mentioned of these as our example at 
present — it has the shape cab (Fig. 80), the extremely 
fine point h being enveloped in a nearly invisible pale- 
violet ellipse, d h a, of gases containing ox^^gcn, due, as 
I believe, to the fact mentioned by Sir John Ilerschel 

Meteorolog}^,” p. 67), that ‘‘ a vorticose motion in air 
recommences when finished, in the reverse direction to 
what it had before,” the rationale (or reason) of which 
will be seen by referring to Fig. 79, ba. The fact can 
also be exemplified by sending, with a mouth-blower, 
a blast from a distance equal to the whole length of the 
first vortex, into a spirit-lamp flame, when the shape of 
a blunt inverted cone is im])ressed on the flame (a. Fig. 
80). It is evident, therefore, that if we hold an assay at 
by Fig. 80, it will not only be intensely heated, but 
chemically treated by dense air, whicli is a meehonical 
compound, containing oxygen, and by hydi’ogen, for the 
carbon-gas or carbon monoxide, (another word to be 
explained afterwards), to which the blue colour is partly 
due, must be considered to have been consumed in the 
passage from c to b. This point of the pyrocone is, 
therefore, called the oxidating or oxydising flame — in 
brief, O.F. — by former writers ; but to suit my views, 
I have slightly altered the symbol to O.P. for “ Oxy- 
hydrogen Pyrocone.” The position just beyond a^ the 
extreme point of the secondary or violet cone, a by has 
been omitted by former writers (except Landauer, who 
has adopted it from me) ; but finding it to possess extra- 
ordinary oxydising properties (the hydrogen having 
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been nearly consumed), which often are extremely use- 
ful, as in the case of testing sublimates deposited on 
aluiniiiiurn plate, I have given it a symbol, P.P., for 
“ Peroxydising l\vroc*oiie.” The so-called “ Peducing 
Flame,” or 11. F., is simply the gas or candle-flame 
treated with less air-pressure or a feebler blast, when, 
of course, a short vortex with large basic diameter 
is produced, but still not so feeble as that whereby 
Berzelius merely turned his “ brilliant ” lam])-flame on 
one side. This has the effect of producing a lai’ge, 
blunt pju’ocone, g hj the outline in Fig. 87, which must 



Fig. S7- 


be wholly blue, without any trace of luminosity in it. 
It has been proved to be solid, and being composed of 
hydrogen and carbon, without a particle of oxygen, has 
tremendous “ reducing” power ; u bead of glacial phos- 
phoric acid itself, carefully held there at y for a few 
minutes, having a white, shining, metallic-looking crust 
composed over its surface, which can be picked off* b}" for- 
ceps. Any position within this blue pyrocone, therefore, 
has been symbolised by me 11. P. for “ Ilj^drocarbonous 
l^yi ocone,” instead of II.F. for “ Ileducing Flame ” ; 
because, in the first place, many effects besides “ reduc- 
tion ” — such, for instance, as colouration of beads, and 
fire-colouration — are produced b}'' this position of the 
assay ; and, secondly, the action of ignited hydrogen 
gas upon the assay, which exerts at least as much 
chemical effect upon it as oxygen — though strangely 
omitted by all writers on Blowpipe Analysis — has due 
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acknowledgment in this name. Figs. 88, 89, and 90 
represent these pyrocones obtained from a Berzelius 
oil-lamp. }\iC((pit Illation . — It must be remembered, 
th(‘n, that 

Any position within ‘Mhe blue,” 

as // Fig. 87, and Fig. 90 = 11. P. 

,, from b to rf, Fig. 8(3 . . . = O.P. 

and „ at or beyond 1, Fig. 88 . . = P.P. 



Fig. 91) 



CHAPTER VI. 


ox rriiO LOGICAL JiLAGEXTS. 

Berzkt.tt’s tolls US that “ Cronstedt used only three 
reaproiits : soda, borax, and salt of phosphorus, devised 
by himself. These reagents are still in use, and among 
the great number of those which have been tried since, 
not one has been found to replace either of these. It is 
singular enougli that in the very beginning of this 
science, the very best reagents should have been hit 
upon.’’ Singular indeed ! l>ut the fact is, this often- 
quoted remark is quite unwortliy of the deservedly 
celebrated writer : not less on account of the utter 
disingenuousness of its premises, tlian by reason of the 
entire carelessness (if not worse) of its conclusions. 
For Berzelius, in charge of the archives of the xVeademy 
at Stockholm, knew vtery well that in 1737, or twenty- 
one years before Oronstedt wrote aAifthing, Cramer at 
licydeii had des(?ribed exactly" what Berzelius miscalled 
“ Cronstedt’s Blowpipe,” with a liollow ball in the 
centre, and had mentioned that he (Cramer) then used 
borax and soda as tluxes (Margratf*, of Berlin, having 
described “ pliosplior salt ” afterwards), most certainly 
by the directions of the inventor of the chemical blow- 
pil)e Voji Srarb^ whose writings arc (as Cronstedt him- 
self mentions), also ‘‘deposited” or hidden in the 
Stockholm xVeademy. Yet Bei'zelius has the con- 
science to write, or jjrevaricate, “Antony von Svarb 
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published nothing upon this subject, and it is not known 
to what extent he carried bis researches ! But Cron- 
stedt was a Swedish nobleman, whose family Berzelius 
‘‘delighted to honour ; and Von Svarb onl}^ a “com- 
mon miner and “ nature’s nobleman.” The student 
of Blowpipe Analysis will soon see, from what follows, 
either that Berzelius could not have tried other reagents, 
as he says he did ; or that his powers of observing and 
assimilating facts have been extremely over-rated.* 

Borax and Boric Acid! as Reagents- 

(1) Both of these (about the same price — viz., 3d. 
per ounce, borax being generally in powder, and boric 
acid in white scales ; if ready fused, which is not much 
more convenient, Is. per oz.), are treated in tlie same way 
on the platinum wire ring support (Fig. 37), in O.P., by 
taking up a little at a time from the agate slab with 
the red-hot ring, until a transparent colourless bead is 
produced in each case ; borax, after a liltle intumes- 
cence or swelling up, fuses at once ; but boric acid 
being very viscid, retains bubbles of air, steam, or otlier 
gases, \vhich are with difficulty expelled ; and this fact, 
which seems merely an inconvenience to the careless 
“ observer,” is, in reality, of vci-y great importance 


* It will Lc apparoTit to any compotoiit invostig’ator who has the 
leisure and ]'Mtieiic(! to collate th<i recpiisite works at the llritish 
Museum, that l>erz(;lius ot\1y coin])iled or t^dittid the hist part of the 
work on the Pilow{>ipe W'dch hears his name ; the real author heiug 
undouhtedlj" his teacher. Dr. Gahn. The work was published in 1820, 
Gahn havina^ died in 1819! It is now well known, also, that G aim 
was the real (and, indeed, the admitted) author of the work on the 
Blowpijie attrihuled to, and a])])roprialed hy, ]>iTy;mann; first 
imhlished in a Gorman translation hyJJaion Born, at Vienna. A irue 
history of Blowpipe Analysis would expose some very (j[ueer Ikets re- 
^ardine: the senpailosity of these an<l otluT “ (‘eh hraled chemists.” 
Von Svarli, Gahn, Harkort, and PlaUiicr were iho only really 
oriyinnl writers on the Blowpipe. 

t Introduced hy the Author in 1869. 
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and value in showing the analyst, by the phenomenon 
called “effervescence,’’ the presence of carbonic-acid 
gas (termed by chemists “carbon dioxide”), and also 
of sulphuric acid (as in “ green vitriol ” or “copperas”) 
in the assay when added to the bead in powder and 
treated by Q.F. llorax in such cases and conditions 
sliows notJthvf^ but merely dissolves the added powder 
without effervescence ; nitric or hydrochloric acid would 
effervesce with a carbonate (or assay containing carbon 
dioxide), but not with a sulphate (or assay containing 
sulphuric acid) ; hence boric acid and a blowpipe in 
such cases are really invaluable, for another simple test 
soon distinguishes llie two. i^Z) Borax being a com- 
pound of boric acid and vsoda, called by chemists “ an 
abnonnal sodium borate” (Valentin), the beautiful green 
pyroclirome afforded by pure boric acid before the blow- 
pipe, is completely obscured and “ swallowed up ” by 
the “ stronger ” yellow, or rather orange, pyrochrome 
of sodium, which also obscures any pyrochrome of 
substances or assays added to its bead ; but this is 
not the case with regard to substances treated in boric 
acid ; some of which, as copper, modify or alter the 
green colour of its pyrochrome to a surprising extent, 
enabling themselves thus to be detected in infinitesi- 
mally minute quantities. There is no other method, 
either in the “ wet ” or “ dry ” way (unless it be the 
sjiectroscope), which can detect with such certainty, 
such a minute trace of copper in a substance as this 
method can ; whilst, as exactly 5 per cent, of soda 
completely obscurt's the green pyrochrome of an 
ordinary pure boric acid bead, and turns it yellow, 
the operator here approaches a quantitative analysis 
(Latin quantlfas^ quantity) as regards the anioant of 
soda present. (d) Scarcely any substance except 
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platinum, and that class of metals, can be added to a 
borax bead in O.P., which is not immediately and wholly 
dissolved: if the substance be chromatic (Greek chroma^ 
colour), and afford a coloured bead, it can certainly be 
thus detected by borax ; but only at the (very serious) 
price of preventings the detection of any other oxide or 
substance present with it in the mineral or assay which 
does not thus afford a colour, or which affords a colour 
inferior in brightness or depth to the other, and is 
thus obscured or swallowed up ’’ by it. Thus, in a 
qualitative assay by the blowpipe of the common 
mineral Smaltitc, which is a compound of the metals 
iron, nickel, cobalt, and a trace of copper, with arsenic, 
after the arsenic has been “driven off* by roasting,’' as 
much as possible, fhe remaining powder applied to 
borax before the blowpipe, affords only a blue trans- 
parent bead, hot and cold, which, even flattened on an 
aluminium plate and examined through a lens, is still 
only a blue bead. AVhen this powder, on the contrary, 
is applied to a bead of boric acid under like conditions, 
the abovc-inenlioncd metals, which have now been 
changed by “roasting" on aluminium plate, from 
“arsenides" into “oxides," are seen to remain in the 
bead, utUrly inwluble^ both by any further action of 
the blowpipe, and in boiling water afterwards ; to be 
separaied in the bead from each other as easily dis- 
tinguishable, or totally different forms ; to “ impart " 
no “ characteristic colour " whatever “ to the mass " or 
bead and finally, to be each so acted upon whilst in 
this separate state in the bead, by O.P. or H.P., 

* In allnsifm io the fTronerms idea entertained hy some chemists, 
tliat — “ nie-lullie oxides dissolve in I'used hf)ron trinxide at a red 

heat, many oi them impaitin^^ to th(5 mass clmraeteristic cohturs ; 
hence this substance is much used in blowpipe analybis.” (It was 
mvet' used in this way before 1 did so.) 
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as to slightly change its appearance, and thus afford 
fresh evidence for the detection of most of these 
insoluble ‘‘ borates.’’ A comparison of Figs. 91 and 
92 will render this different action of borax and boric 



Figs. 91, 92 — Analysis by Borax and Boric Acid beads. 

acid upon oxides ” added to them before the blow- 
pipe, sufftcicntl}' clear to the dullest student. 

A (Fig. 91) is a bead of borax on a platinum wire 
ring, to which a trace of well-roasted Snia/tite powder 
has been added in H.P. ; as colours cannot be shown 
here, the Andrew’s cross rt'presonts biffe, a perpendicular 
cross represents violet, a dot in the centre of an object 
represents brown, perjiendicular parallel lines ynxn, 
and so on. 13 (Fig. 92) is a head of boric acid, 
to which a trace of the same powder has been 
added under similar conditions ; both are supposed 
to be viewed through a lens. Mark tlic difference ! 
Instead of a jumbled solution of everything, in 
which any colours possibly given to the bead by 
other oxides are completely overwhelmed in blue, the 
colour bestowed upon it by cobalt, even if the latter 
were only one-fiftieth the quantity of the others ; we 
find the cobalt present simpl}^ taking its place in !])(? 
bead with other separated borates, as opaque, violet balls 
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(those with perpendicular crosses in B ; the halls should 
be perfect sphericles, and not as they are represented in 
the figs.) ; the trace of copper present is at once perceived 
by the brilliant blue-green, luminous pyrochrome, which 
instantaneously replaces the non-luminous yellow-green 
one always afibrded hj the bead itself, a7id by the one 
or two minute, black, opaque balls with coppery suffusion 
round them, seen in the left of B. The (generally) 
large percentage of tro72 is readily perceived by the pro- 
portionately numerous brown, opaque balls (those with 
a dot in the centre) surrounded by a rust-like matter ; 
and finally the proportion of 7iickel is surmised, and its 
presence easily ascei tained, by the appearance here of a 
few green f7'ag77ients (seen to be definite crystals in a 
microscope), which have been turned white, with a 
metallic lustre, by 11. P., excepting one on the left, 
which has happened to remain green ; it must be re- 
membered that the wliole of these reactions arc developed 
in 07ie trace of the powder. Besides these indications, 
co/nbined, or chemical water in the mineral, is shown 
(almost quantitatively) by ^ grey opalcsce7icc pervading 
the whole bead ; an indication not apjjarently afforded 
by any other method of analysis “wet” or “dry.” 
Whon this “combined water,” which can be proved 
to exist in every known mineral, even in the so- 
called “ anhydrates ” (Greek an, without, and hudor, 
water) and in rock crystal, that is, “ pure ” silica, 
renders the boric acid bead so opaque that the 
contained balls and fragments, &c., cannot readily be 
perceived even through a lens, the process of “ vesi- 
culation,” — or blowing the small bead as a glass-blower 
W(juld, into a comparatively large “ vesicle ” or bladder 
— must be resorted to ; or else the bead must be boiled 
in distilled water, and the insoluble contents treated in 
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a fresh bead — a much longer and more tedious affair. 
This process, devised by me in 1867, is very easy, and 
almost as amusing as “blowing soap-bubbles,’’ for the 
vesicles are extremely thin, and therefore possess the 
same iridescent colours, consequent upon light “ inter- 
f( 3 ronce ; ” — it would not, however, be fair to mention 
the distinguished philosophers I have thus seen “ blow 
iiig bubbles ” at my house ! The operator must have a 
spare mouth -blowpipe, from which the nozzle (B, Fig. 



Fig. 03. — A Vesicle showing 16 separated Borates (natural size). 

1) has been removed, ready at his right hand; the bead 
is taken, red-hot from O.P. b}^ the left hand, and a 
moderate but rapid blast sent through the platinum- 
wire ring from the jot (A, F'ig. 1) before it cools. Fig. 
93 (natural size) is something like the result, only very 
much larger vesicles than this will be blown, especially 
by the beginner. It will be evident from a synchro- 
nous (Greek sun, together, and chronos, time) or simul- 
taneous examination of Figs. 92 and 93, that these 
insoluble borates can be very much more easily pgr- 



bo obtained dry by first carefully decanting a portion of 
the water, and then upsetting the capsule upon a jmd of 
clean white blotting paper, wdience the dried borates may 
be ])ieked up with fo2X‘eps, or brushed with a small hair 
pencil into the pan of the balance. They can also bo 
obtained by decanting and adding distilled water until 
no free boric acid is left in solution, and gently evaporat- 
ing the water left in the capsule. Surely these enormous 
advantages possessed by boric acid, far more than 
counterbalance its single disadvantage of not being quite 
so easily fusible before a mouth blowpipe as borax is ? 
As this is intended to be a complete treatise on the 
elements of blowpipe analysis I shall nevertheless, where 
such a course is useful, detail the blowpipe reactions of 
borax, (tc., with minerals, selected and condensed from 
tlie notes of some of the best workers at Freiberg Uni- 
v(!r.sity ; and it must be remembered by the student 
that he lias only to add the proper proportion of soda 
before the blowpipe, in order to convert his boric -acid 
bead into a liead of borax, and thus obtain all ifs re- 
actiuiis afterwards, in addition to those previously 
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obtained, of the former. Thus, if he fuses on bead B, 
the proper amount of soda in O.P., so as to melt the- 
whole of its contents together, it is obvious that he will 
obtain a simple blue bead as A. He, therefore, need not 
take borax with him on his travels, but only boric acid 
and soda separately, wherewith to make borax after- 
wards, and thus obtain its colour reactions. 

The following Table, by one of our most accom- 
plished chemists, of the ‘‘bright” or flame-lines afforded 
by some important substances to the spectroscope, will 
be found most useful to those who can afford to 
purchase that instrument. Fig. 94 is a “ Spectrum 
Lorgnette,” by means of which a small spectroscope 
(made b}^ Browning of the Strand, London) may be 
attached to tlie head like a pair of spectacles, and the 
lines thus observed by the operator while he is pro- 
ducing them with his blowpipe. 



Fig. 94. — Ross’s Spectrum Lorgnette. 
(Introduced in 1874.) 



Table I.— Spectrum Lines of the most important Flame-coiouring Elements. 

By Prof. Sir II . Koscoe, F.R.S. 
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1 Lfl- j ■[■ 1 

Fii^. 95. 


O E A F 



Spectrt jscojxj Linos or “ absorjition Lands” in Ca Lorate Balls. 

Fig. 95 ...... . I)i<lyTTnuTT). 

,, 96 . . . . . . . A’tiriuiii and Libiiun. 

,, 97 . . , . . . . Vraniuin. 

N.H. — Linos of'tho Solar Spectrum are prolonged. 

How to obtain Absorption Bands. 

Spectroscopic dark lines 95, 96, and 97), or 

absorption bands ” (so called Ironi tlie supposed 
absorption of the liglit examined, leaving a shadow 
or dark hiatus in its place) are obtained as follows : 
The assay, except for Cerium, Didymium, and Jjan- 
thanum, which tliemselves I’orm clear balls in 1>. 
acid, is made of a calcium borate ball the size of 
a largish pin’s head, extracted from its bead by 
boiling. Tlic ball having the substance dissolved 
in it, is taken between the points of ibreeps, Fig. 
40, and held there by slipping up the band which keeps 
the legs together. The forceps, having tiie ball between 
its legs, is placed with its hilt inserted between the 
leaves of a thick book, placed standing on an end on a 
table, with the back towards the examiner, so that the 
forceps stands upright, and with the ball, maybe slanted 
towards or from him, as may transmit the greatest 
amount of light from a window, open if possible, in front. 
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Table II, —Useful Contractions and Symbols. 


A iviia 



, 

Ti e larnrst aTuoiml «»f Ilux fusible on a wire 

A GImss 





rill- of -iven diaiiu ter. 

ditto, dittii, ditto. 

Ai riutu 





• Aluininium jdato. 

Ala( >;i 





Alumina. 

Ay-.s . 





Suljdiide of silver. 

A^•>»>;,. 





Arsenic acid. 

A^2^-^:^ • 





Wliite ars(‘nic. Ars('nious oxide. Sub- 

B. Acid 





limate of arsenic. 

Boric acid. 

VA. , 




JJ 

Bead. [dride.) 

1*2^ • 




59 

Boron trioxide. (Boric acid, cr anhy- 

B.uO . 




59 

Barvta. Oxide of b irium. 

Blk. lill:- 





Black. Blacki'nin-. 

V>. ii. . 




55 

Before the blo\v|»i]ie. 

B>c() . 




55 

Oxide of beryllium or glucinum. 





55 

Piismulh trioxidi^ 

V 




55 

('hareoal. (C slip = charcoal lozenge.) 

CaFa . 




55 

Kluorspar. 

C'aO . 




5t 

Lime. 

('ali>(U 




55 

(’aliduTii borate (lime bulls). 

( HI b. . 




55 

thrbonate. 

Col. . 





Colour. 

CoO . 




55 

Oxide of cobalt. 

Co]). . 




55 

Co I dons. 

( It >2 • 




95 

Carbon Dioxide. Carbonic acid gas. 

CuO . 




59 

Oxide of Cojiper (black). 

Cu2<> . 




95 

Suboxide of cop^ier (red). 

c/c 




95 

Per cent. 

Dark-. 





Darkening. 

Dec,. . 




55 

Decomjiosed. 

J >ecrs. 




99 

1 >ec.repitate8. 

I-bss. . 




95 

1 )is8olves. 

DiO . 




55 

( )xide of Didymium. 

y.iY. . 




95 

b’, fferv escence. 

Ktls. . 





KtrervescoH. 

FiD . 





Oxide of Frbinm. 

K. P. (or • 



55 

Ellyehnine pyroebrome (Greek Eletich- 

FoO . 




59 

nioHy a wi(dv) mu do by touching the 
side of the wiek with the calcined assay. 
C()lours the whole pyrocone. 

Iron monoxide. 

Fe-iO, 




99 

Iron se.squioxide. (Ferric Oxide.) 

Crui^ds. 




95 

Fragments. 

G.ll. . 





Glass bulb. 

CIO . 





Oxide of berydllium and glucinium. 

31f^O . 





Kcd Precipitate. 

II 2 O . 




59 

AVatcr. 

D 2^ ^2 • 




95 

IIydrox 5 d, or hydrogen peroxide. 

IIF . 




95 

JTydrogen fluoride. Ilydrolluoric acid. 

DNOi 




59 

Nitric acid. fdrogen. 

IDF . 




55 

Hydrogen phosphide. Phosphurotted hy- 
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IbN . 


. 

. 

For Ammonia. 

H2S . 


• 

• 


Hydrof^on sulphide. (Sulphuretted hy 
dro"(m). 

112^04 





Sulpliuric add. 

11. 1\ . 





Ilydroc-arbonous pyrocone (old ll.F.), 

Ins 





Insoluble. 

2 rid. . 





iridescent. 






l‘otassium carbonate. “ Potash.** 

2v llS( >4 





Acid potassium sulphate. 

Lyj . 





lathium oxide. Lithia. 

jSla^. . 





Magnetic. 





f* 

M( lallic. 

M-O . 





Ma^ne.sia. 

]\In(h 




,, 

Molybdenum trioxiie. M()lybdic add. 

KliJ U h 




,, 

Neutral Sodium carbonate. “ Soda.” 

o.r. . 




»» 

Oxyhydrogen pyrocone (old O.F.) 

Op. . 




j) 

Opaline. 

Opq. . 




,, 

( )paque. 

p.c. . 




»» 

Pyroehromo, or coloured flomo. 

F.P. . 




,, 

Peroxydisiiig pyroeuue. (No old name.' 

F.B. acid 




,, 

l*h()S])hol>orie acid. 

F. add 




,, 

Phosphoric acid. 

2*. salt 





1 *hos]diorsalt. 

I'rop. 





l*rf)])ortion. 

Pt. wire 




,, 

Idatinum wire. 

2 {fid. . 





Iu>due<d. 

P<dh. 





Iteddish. 

Satd. • 





Sat urated. 

Bi02 • 





Silica. Silicic acid. Quartz. 

Soln, . 




»» 

Solution. 

SO3 . 





Sulphurou.s acid. (Sulphur “Fumes.”) 
Specific grav’ity. 

Sp. nrr. 





. 





Suhlimate. 

Sxiffn. 




,, 

Suti'usion. 

T’omp. 





Tcmp(»rarily. 

Tlir. . 




»> 

'2’hrou^h. 

TiOa . 





'i'itanium dioxide. Titanic acid. 

Traiisp. 





Transparent. 

TIoUs • 




„ 

i^raxiium Irioxide, 

Vg. . 




„ 

Vanishing. 

Vol. . 





Volatilised. 

V03 . 





Vanadium trioxide. Vanadic acid. 

Wht. . 





AVIiite. 

AV03 . 




,, 

Tungsten trioxidc. Tungstic acid. 

Y(d. . 




tf 

Vxdlow. 

ZnO . 




ff 

Zinc oxide. 






Zirconium trioxido. Zirconia. 


Following is a table (HI.) to which the student 
will often have to refer, and which exjdains itself, of 
the reactions of pure oxides in boric acid, supposed to 
be viewed through an ordinary lens, ^ 



Table Ill-Reactions of Pure Oxides in Boric Acid. 
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N.B. — Soft MiiieralK, forming fragments only, should lx* fused with soda on A1 plate, and the boiled and dried residue treated 
in H aeid O. I’., to tes; lor })h ■sj)hates or S'dph ites 

* Tlicso, with their contractions, .‘-hould be commilted to memory Ity the student. + A very distinctive reaction. 
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The student, having carefully studied the preceding 
table, blowpipe in hand, with what chemically pure 
oxides he can procure, will be in a position to proceed 
to the consideration of other less important reagents. 

Addp:nda. — T he B. Acid Vesicle (Fig. 93) if held, 
freshly made, over 1I.>S, is immediately spotted on its 
lower surface with cin-if)us hroini crffsials : if held over 
ammonia, with crj^stals of a diifercnt form, and un- 
coloured. 

Von I^obcir s test for J>isnnfth (see post, page 96). 
The assay is mixed with the reagent there described, 
and treated with a gentle O.P. on C slip, A1 plate. 
A beautiful brick-red coat of Bismuth iodide forms. 

Thenard and Vanqmdhds test for Phosphoric Acid 
(see pont, page 97). The po^vderod assay is heated 
with -pV inch of ]Mg. wire in G.B., held by the handle 
(Fig. 31). The Avire ignites, forming Mg. phosphide, 
which, on addition of a drop of water, evolves 
with its characteristic smell. 



CnAPTER VII. 

GN REAGENTS AND SI^fPLE MINERAL ANALYSES— 
** GLACIAL riLOSPHORIC ACLU;'* AND DUOSEKOR- 
SALT AS REAGENTS. 

Pure phosphoric acid is so deliquescent (Latin 
deliqucsco, I dissolve), that is, absorbs moisture from 
air, that it cannot be moulded into blocks or shapes as 
generally supposed, so as to remain solid for any 
length of time, even in a well- stoppered bottle. What 
we in this country receive from Germany as sticks of 
glacial phosphoric-acid contains, therefore, about 
(I do not know the exact quantity) 10 per cent of soda, 
to enable the makers to “cast” it in sticks; without soda 
it is also too volatile to make a bead. The well-known 
English manufacturing chemists, Messrs. Hopkins and 
Williams, of Hatton Garden, have cleverly attempted 
to remedy this defect by manufacturing ammonium- 
phosphate, from which the ammonia might be pre- 
sumed to be volatilisable (Latin roJatlliSy flying) by 
heat, leaving pure phosphoric acid behind, and they 
were so kind as to give mo a little to try with the 
blowpipe; but I found, as Mr. Williams pointed out, 
that a certain pro})ortion of the ammonia cannot be 
volatilised qjer scj so that it is really a matter of serious 
doubt whether in microcosmic salt (now called phos- 
X-)hor-salt, which is a double phosphate of sodium and 
♦ Introduced by the Author in 1BG9. 
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ammonium), ‘‘ the ammonia is wholly volatilised, leaving 
sodium metaphosphate behind,’’ as chemists assert. 

But in any case, the stick “ glacial ” P. acid (the 
acid sold in blocks or masses will 7iot do for these 
purposes), especially if the hot bead is dipped into pure 
deliquesced phosphoric acid before use, is an immense 
improvement upon P. salt as a blowpipe reagent, 
whilst fusing quite as easily B.B. on platinum wire, for 
the following reasons: (1) Instead of the eternal 
blue, hot, and cold,” which P. salt as well as borax 
affords with any proportion of oxide of cobalt in O.P. 
and II. P., glacial P. acid produces, with the minutest 
trace of that oxide, a faint pink colour, which is blue 
hot ; with more oxide, a magnificent red violet (quite 
equal to the beautiful aniline d 3 ^c of that tint), which 
is also blue hot. Now, if my estimate of the natural 
acuteness of English artisans is correct, my pupils will 
have already surmised the advantage of using a reagent 
which, evidently, the addition of an alkali (tor P. salt 
contains far more alkali than “ glacial ” P. acid does), 
converts from pink or red, into blue. In short, it is evi- 
dent that if you treat any mineral powder containing the 
alkalies potash, or soda, or lithia, as a constituent, in a 
thus-made pinkP. acid bead in O.P., the rapid solution 
of the alkali in the bead will turn it to a bluish 
violet, blue violet, or blue colour, on cooling ; of a 
depth or faintness of “ tone ” proportioned exactly 
to the quantity of alkali contained in the mineral. 
In fact, this pink bead is a little alkali meter in itself. 
(Arabic al-kali, alkali, the reverse of acid ; and Greek 
vnetron, a measure.) (2) The two “ earths,” silica and 
zirconia, are entirely insoluble in a P. acid bead when 
treated with P.P., and nearly insoluble in O.P. of a 
hot gas lamp, especially when the bead is dipped in pure 
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phosplioric acid, whilst every other oxide is, more or less 
rapidly, thus dissolved. So treated, it forms an ex- 
cellent reagent, not only for detecting silica in any 
combination, but for giving you some idea of the 
quantify present, after your judgment is sharpened by 
practice. P. salt is used in this way (an invention of 
Gahn) ; but is very inferior to P. acid, as the complete 
solution of any quantity of silica present in a mineral 
by the large amount of soda contained in a propor- 
tionate bead of P. salt before the blowpipe, is a mere 
question of heat or time. For instance, fine powder of 
the mineral Cyanite^ which is half silica and half 
alumina, can be completely dissolved in a bead of 
P. salt by a hot gas lamp P.P. in a few minutes, and 
by a good O.P. of a mouth-blowpipe, in a quarter of an 
hour. (3) As hot glacial P. acid effervesces in blood-red 
bubbles by itself^ with a trace of manganese, the use of 
nitre as a separate reagent for this purpose (advised in 
all books on Blowpipe Analysis) is obviated, I get my 
glacial phosphoric acid from Wooster, chemist, Turn- 
ham-grecn, W. (Gd. per oz.). The sticks should be 
broken up into small fragments, each the size of a pea 
or large bead (I got a confectioner to cut mine up with 
his sugar-cutters), and kept in a wdde-mouthed stop- 
pered bottle for use. Soda and Potash (in reality di- 
carbonates of these metals) are indispensable as re- 
agents. Potash must be kept in a small wide-mouthed 
stoppered bottle, on account of its deliquescence. Both 
are very cheap — half an ounce of each is an ample 
quantity to obtain — and the commercial soda (sodium 
carbonate) is generally pure ; but I have purchased car- 
bonate of potash from a respectable druggist in Netting 
Hill seriously adulterated, apparently with lime ; it left 
a thick insoluble sediment in pure water. Test any 
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residue from the solution of either in distilled water, 
in boric acid O.P. Pure Lime, for detecting traces of 
alumina with boric acid, as calcium borate ; best kept 
as fragments of clean eggshells (washed with distilled 
water, but on no account with a solution of soda or 
alkali) which are to be calcined in O.P., supported in 
Pt. tongs (Figs. 32 or 33) and powdered on the agate slab 
immediately before use. Pure Tungstic Ach>, for 
detecting traces of phosphoric acid in minerals, &c. 
(sold as a yellow powder cheaply, in very small quanti- 
ties, by analytical chemists). Pure Titanic Acid, for 
detecting traces of boric acid (sold as yellowish white 
powder, cheaply, by chemists). Both of these can be 
kept in the penny corked bottles. Cobalt Nitrate, 
sold cheaply in pink crystals. These are to be dissolved 
in 10 parts of distilled water (by weight) and kept in 
the dropping bottle (Fig. OG) for use. The crystals 
should be carried in a well-corked or stoppered bottle. 
Potassium Bisulphate (hj^drogen, or ‘‘acid” potas- 
sium sulphate), 4^ parts used with 1 part powdered 
fluor-spar, for detecting boric acid through the green 
p.c. evolved in O.P. by the mineral, made into a paste 
with it. Sold cheaply by all scientific chemists in 
small bottles for this and other purposes. Potassium 
Iodide and “Flowers of Sulphur,” equal volumes of 
each, well mixed; used in Yon Kobeirs test for detecting 
bismuth. Test Papers (should not be idaced in contact). 

1. Blue Litmus, for testing acids in salts, Ac., by 
turning red when moistened and applied to them. 

2. Bed Litmus, for testing alkalicjs in salts, Ac., by 
turning blue when moistened and applied to them. 

3. Turmeric paper — yellow: turned red di si i -brown 
by alkalies ; a peculiar red by boric acid ; and orange 
by zirconium solutions. 
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4. Brazil-wood paper — red : turned ’straw-yellow by 
fluorine. 

Manganese Sut.phate, a cheap salt, in pink crystals, 
may also be kept for detection of baryta^ &c. : to be 
used in the same manner as cobalt-solution. Magnesium 
W IRE, for detecting phosphoric acid. Indigo Solution, 
in a hollow glass prism, for detecting potash in presence 
of soda in coloured flames. 

Oxide oe" Coium^r, for detetfling chlorine by the 
azure- blue, compound pyrochrome aflbrded (a discovery 
by Galin). See Table VI., 14—5. 

If 3 mu fuse copper oxide with a metallic chloride on 
a B acid bead, even in O.B. it is untied iatcli/ reduced to 
metal (copper) as long as the chlorine lasts ; but if you 
similarly treat a sulphate, greeu tram<)>arcnt halls (cupric 
boro-sulphate) are formed in the bead. 

Gypsum, for detccling carbon. Heat the s^ibstanee 
made into a paste with gypsum on Ag. foil (or a siiil- 
ling) in O.P. If C is piT>>ent, a black or hroten stain 
will be Icl'L on adding water. 

Potassium 1*yrotun(jstate, made by fusing K car- 
bonate wu'th WO 3 in O.Ih on A1 plate, until all efler- 
vesceiice has ceased ; for detecting phosphoric acid in 
minerals, &c. 

Silver Foil (a clean shilling will do), for detecting 
sulphur in sulphates by the black stain the sulphurous 
substance gives it with a drop of water, after a candle 
— II.P. on C slip. 

N.P>. — All IxiJids are best disoTi^asred from the pt. wire, b}- boldini^ 
them porjieiulicularly downwards in O.P. over the A1 tray: also by 
unrolling the wire from them, when cold, with the thumb nail. 

For the reactions of glacial phosjihoric acid (which acts as a 
dilute acid when held in P.F.), see Table VI., column G. 


H 
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FIJRST OTT.FA TJ(tXS.—AL 1X7X1 VM-TLA TE EEA CTIOX!^ 
OF METALS AXE ALLOTS. 

PyixOLOGists can niiicli more easily and clieaply make 
or procure specimens of pure — or approximately pure 
— metals than they can obtain pure oxides — as, for 
instance, by putting a strip of zinc in a vinegar solu- 
tion of load, in order to obtain pure lead ; and I would, 
therefore, recommend the student to keep as nearly as 
possible a complete set of the former (except, of course, 
sodium, potassium, and such uiikeepable and expensive 
metals, which, however useful elsewhere, are of little 
or no interest here) in the small glass bulbs, B, Fig. 29, 
which he will also require for analytical purposes. The 
cork must be lettered at top, or on the side, with the 
chemical symbol of the contained metal — as Zn for 
zinc ; Zn -j- Pb for an alloy of equal parts of lead and 
zinc, &c. ; and if the collector is “ a neat-minded man'' 
(as most pyrologists are), he will, doubtless, “fit up" 
an old scidlitz-powdcr case as a “cabinet,'* with shelves 
made b}^ scissors, pasteboard, and gum, forming little 
“ pigeonholes," in which the labelled coi k of each 
bottle, wrapped in cotton wool and stufled into the 
holes, is apparent. Any pure oxides he can afford to 
buy can be similarly labelled and kept (in rather larger 
tubes) as WCtj for tungstic acid, &c. An “ ink-eraser" 
takes out these labels when fresh ones have to bo writ- 
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ten. In the Tables (III. and VI.) he has an alphabetical 
list of the reactions of pure oxides, and also of combi- 
nations in boric acid and other reagents ; and I have 
now the pleasure to insert here — the first ever given to 
students of Blowpipe Analysis — a pictorial table,” 
which can be consulted graphically or referentially, of 
the reactions of approximately pure metals, and some 
of their alloys, on naked aluminium plate, before the 
pyrocone of the hot-gas lamp. Fig. 21. These he had 
better go through carefully with his blowpipe and 
aluminium plalc himself, if he wishes to have a thorough 
knowledge of the combined sublimates of the volatile 
metals and their alloys with which he will meet in after 
practice. 

Before giving a description of these cuts, however, 
it will be necessary to enter into some detail as to the 
rationale of the aluminium plate reactions, and the best 
way of using the plate itself. The circumstances 
which led me, in 1871, to its discovery as a blowpipe 
support were detailed in a paper read before Section B 
of tlic British Association at York in 1881. The blow- 
pipe experiments of 1871 led me then to conclude that 
there was ample reason to doubt the received opinion 
among chemists and metallurgists that the relative 
licat-conductivity of aluminium among metals is 0, 
silver being 1 ; pure gold 2 ; refined do. 3 ; rolled 
er)pper 4: cast co2)23cr 5; or, ‘‘taking the mean 
conductivity of silver as 1,000, that of aluminium 
is only 005.”* The under-mentioned writers, also, 
do not seem (or, at all events, 1 cannot obtain 
an account of their having seemed) to have detected 
the connection there undoubtedly is between heat- 

* Calvert and Johnson, Trnns.^ 1858, p. 349 ; also ’Wiede- 

mann and Franz, i'oyy. AnnaLy LXXXIX. 497- 
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conductivity and the fusing point in metals. When 
I found in 1871 that ni}^ “aluminium plates” resisted 
the xitmost heat of the blowpipe which I was able 
to bring to bear upon them, although aluminium was 
stated to have a low fusing point among metals, I 
could not help attributing the fact, perhaps erro- 
neously, to its extraordinary power of /amt-conchfction, 
which is certainly far bej^ond that of silver (placed first 
in the Philosophical Ti'ansactions of the lioyal Society), 
as thus expressed in 1113 ’^ work, “ Pyrology,” 1875, p. 03. 

“Aluminium scicms to possess the same immunity 
from pyrological injurv which platinum has, for exactly 
opposite reasons. Platinum conducts heat so slowl\" 
and with such difliciilty, that the w/wlc of the piece of 
foil cannot be raised to the degree of* heat necessaiy to 
jiiisure the fusion of anv point, of it wliere the greatest 
iieat is ajjplied; wliilc in tlie (“ose of aluminium, the 
conduction of heat is so ra])id through the whole mass, 
and from it to the pliers or holder (which sliould also 
bo made of a good conducting metal, as iron), that, in 
like manner, commimicati(m to the n'lfoie fragment, of 
a degree of heat sutlicient for tlie fusion of an 3 ’' one 
lioiiit, cannot bo concentrated on that j)oint.” It may 
bo objected to this hypothesis (Greek ’apo, beneath, and 
fUlnmii, I 0 place), that bismuth and tin, the conduct ivit 3 ^ 
ot whicli (according to Calvert and Johnson, loc. cit.) is 
even feebler than that of platinum, have a lower 1 ‘using 
point than any other metal (Daniell and I*erson) ; but 
this seems to me rather a confirmation ol' the law, for 
it is readily imaginable that, if heat-conductivity is next 
to nil (Latin contraction of 7ii/ul, nothing) in a metal 
such as bismuth, fresh accessions of heat concentrated 
upon a single point, either iuse it instaiitaneously, 

or burn it slowly away like charcoal. 
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But whatever be the cause of the non-fusion of alu- 
minium beibre the blowpipe, tlierc can be no possible 
doubt that the surprising results obtained from assyys 
thus treated upon it, constituting its chief value as a 
blowpipe-support, although not yet quite perceived by 
some writers on the subject, are wholly due to its enormous 
powers of hcat-conduetivity. It seems odd, for instance, 
that Landauer, of Brunswick (or, rather, liis translators;, 
did not see this when they made tlie strange mistake 
of supposing that “the sublimate is thicker on alumi- 
nium than on charcoal, heed use the first-mentioned 
support docs not become so strongly Ijeatcd,” &c.,* the 
fact being, that tlie part of a charcoal support where 
sublimates are deposited is positive ice in comparison 
with aluminium jdate when in use, the whole of whicli 
becomes so hot as to severely burn the fingers of the 
incautious operator (sec Fig. 25, a). The best plan, 
therefore, will be to give here a correct account ot‘ tlie 
supposed advantages of aluminium plate as a support 
for volatile assays over charcoal, or any other ; with 
what I believe to bo the rdflotutle or rt'ason of the same. 

1. Fare o.eidafion of an assay can be perlectly carrit^d 
out on the bare plate ; whereas it is a simple impossi- 
bility on charcoal. 

2, The blowpipe treatment upon it, of such metals as 
arsenic, antimony, &c., is perfectly harmless to alu- 
minium ; whereas it instantly ruins platinum or any 
other metal. 

d In subliming volatile metals B.B., tlie sublimates 
are partly blown away by the blast from the horizontal 
surface of charcoal ; whereas the^^ are completely caught 

* Dio Dose'll] II lto. s(>tzon sioh auf dor Alnmiiiium-platto in diokoron 
Schiolitc'n al) ats a at Kulile, &c . — iJic Lothrohranahise Zu eite Aullai^t'. 
liorlin, 1881 , p. 28 . ‘ 
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by, and deposited upon, the vertical surface of the 
aluminium plate, which is out of the blast-direction. 

4. Charcoal being almost a non-conductor of heat, 
sublimates deposited upon its cold part are, when 
treated by O.P. or II.P., subjected to the whole heat of 
the pyrocone concentrated upon that spot, and, conse- 
quently, cdU without distinction, volatilise ; whereas 
the pyroconical heat is so rapidly conducted away from 
beneath sublimates deposited upon aluminium, that 
some (as arsenic) volatilise, whilst others (as antimony) 
remain ; thus constituting an extremely valuable dis- 
tinction, and, indeed, separation between the pj^roxides 
of these metals. 

5. It is very often necessary to scrape off some of the 
sublimate with a penknife, in order to subject it after- 
wards to the additional test of some reagent (as boric 
acid) B.B. This, which is a very simple matter with alu- 
minium plate, the operator obtaining the purepyroxide 
thereby, is almost an impossibility in the case of char- 
coal, as what little sublimate is left, is adulterated with 
charcoal-dust (containing silica, calcium -phosphate, 
t\:c.), which has a powerful reducing effect in after 
treatment. 

6. Pyroxides or sublimates thus obtained upon alu- 
minium (as, for instance, that of lead) can be easily 
made into the best metallic paint,” as they are 
deposited in the finest possible powder, and require no 
“ grinding.” 

7. The fixed sublimates from volatile metals, which 
comprise the greater number, can be oxidised, “ per- 
oxidised,” and “ reduced,” as often as the operator 
pleases, on aluminium plate, affording distinctive re- 
actions every time ; and, by alloying the metals with 
certain proportions of pure lead, and treating the alloy 
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in a charcoal “slip” (Fig. 26), sublirnates may be 
easily obtained from the “fixed” metals, as gold, iron, 
cobalt, &c., and treated as above mentioned. All this 
is of course impossible with a charcoal support. 

8. Many volatile metals, as the accompanying pic- 
torial table shows, afford sublimates when treated per 
se B.B. on the bare plate, whilst others, before the 
mouth-blowpipe, will only yield a sublimate when 
treated on the C-slip (Fig. 25, B). It is evident that a 
valuable process of separation can be thus again effect ed, 
heretofore impossible. Constituent sublimates in alloys 
are evolved in the order of their volatility. 

9. The pyrological use of aluminium plate has 
induced the discovery of a black sublimate from almost 
all these (volatile) metals, heretofore undiscerned on the 
black charcoal; whilst other fixed metals, as aluminium 
itself, produce black fragments when treated B.B. in 
boric acid. It is not easy to withstand the conviction, 
therefore, that old writers had some grounds for the 
names “ semi or imperfect metals ” they applied to 
these volatile substances, the black sublimates of which 
are invariably next the assay metal itself — toi*n from 
its very core as it were, by the point of the pyrocone — 
and, if oxides at all, are in the lowest state of oxi- 
dation. 

10. Soda and potash, &c., when treated B.B. on bare 
A1 plate in small masses, assume the spherical shape, 
and are quite easily detached as a ball when the plate is 
cool, instead of lying in a little pool when fluid, and 
being scarcely at all detachable when cold, except by 
scraping with a penknife, as is the case with tliese 
reagents when fused B.J3. on platinum. This is an 
immense advantage, enabling the operator to oxidise 
and reduce the reagent and its contents as though it 
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were a ‘‘ bead ’’ on pt. wire, and allowing him at once 
to dispense altogether with the use of the expensive 
“ spoon/' The rationale I believe to lie in 

the fact that, from the rapid lieat-conduction of the 
supporting aluminium, the whole mass above it is 
exposed to an equal amount of heat, and consequently 
is all equally fluid at the same time, so that all its par- 
ticles or molecules are able to follow the great law of 
cohesion of liquids, by which the splierical form is 
assumed, as “ that in which the mean distance of all 
parts from the centre of a mass is the least " (F, Guthrie, 
F.R.S.). In the slow-conducting platinum, on the 
contraiy, the whole under part of the alkaline mass is 
comparat ively cool, and the force of adhesion overcom- 
ing that of cohesion, tlic soda or potash is sj^read out as 
a little pool over that part of the platinum which had 
become red-hot. 

Explanations of Cuts in Table IV. 

A. Sublimate of Native Arsenic. — black, shining, 
tar-like ; b, grey, semi-metallic, with shining, minute, 
metallic balls, and iridescent streaks ; c c, dull black, 
shading oif to dark grc}^ ; remainder white. B. Zinc. 
— a, brown, with pale yellow border ; b, white. Bo. 
ZiNcSujiLTMATE AFTER LONG II.B. — a, browiiisli oraiigc ; 
b b b, lemon yellow border ; al, al, al, sj)ots of aluminium 
plate exposed by complete volatilisation of the subli- 
mate ; c, white, rounded by IM*. C. Alloy of Zinc 
AM) IjEad. — a, black, thin ; b, faint, iridescent. D. 
Antimony. — a, mark of O.B. on white sublimate ; b, the 
same after P.P. ; d, black sublimate; d, the same after 
P.P. E. Alloy of (A) + (1)}. — Strong garlic smell 
at first in O.P. No black sublimate above ; As. quietly 
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^ volatilised in P.P. Pemainder reacts in O.P., as in (D). 
F. 1. Lead. — xissay becomes red-hot with pale blue, 
pyroclirome ; not quite spherical, but shining and white 
with a coat of lit! large ; a, codee-browri ; h, rich reddish 
brown ; <?, pale reddisli cream-colour; next assay, grey, 
metallic, iridescent. 2. The same after P.P. ; a, bright 
brick-red (‘‘lied Lead”). The rest a dull brown, 
with faint white border. G. Alloy of (D) -j- (F.) — 
Part, black, dull ; part, white. FI. Bis:mutu — a, me- 
tallic, black, iridescent; h, the same after O.P. ; faint 
dirty yellow, with minute metallic balls. J. Bismuth 
ox C.-Slip. — A ssay gloAvs brilliantly red-hot; a, rich 
brown j^ellow ; Icmon-juFlow, shading off to white ; 
over this, a thin halo of orange. Aburc in d d d, 

a rich coffee-brown shading off to {a) bro wii -yellow. K. 
Alloy of (D) 4* (H). — Assay covered with small' 
shining balls by slight O.P. ; (Bi) faint semi-metallic 
white sublimate ; after sti'ong O.P. assay grey, metallic, 
with small shining ball on toj) ; black, pjinsy-shajjed 
sublimate, giTy towards assay, with thin white subli- 
mate ; through lens yellow on surface. After sliglit 
P.P. orange and green hot; pale yellow and white 
cold; (ly black spot after O.P., showing JSb. 1j. Alloy 
OF (F) -{- (11). — Assay bright red-hot; not round; 
and coated with litharge. Many minute balls on sur- 
face, which seem to move out, like snails’ “horns,’’ 
while red-hot (Bi). 

a. Grey, semi-metallic with black border. 

h. Blackish brown, pans 3 ^-shaped, with coffee-brown 
bordei-. 

c. Yellowish or dirty white. Above after P.P, 

' h. Blackish and coffc'e-brown ; c, yellowish or blown- 
ish white. Above in IJ.P.y a rich velvet black, which 
turned slowly in 1\P. to a dirty blackish brown ; and 
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days.t ^ detected [by P. acid O.P.] 

the pure wliite subt. 
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tliis would not turn black again in II. P., showing that 
the black colour is not due to carbon from the pyrocone. 
!M. Pure Silver {redifced Jroiri the mi rat — a, 
Faint, reddish, gold-like yellow metallic halo, show- 
ing through a lens myriads of minute gold -yellow 
metallic balls, scattered by a strong P.lh two inches. 
Assay covered with a thick coating of oxide, like horn. 
On C-slip a similar result without the oxide. X. Ag 
-p PI) a. Pale, bluish gre(m iridt'seent lialo. /), Pinkish, 
dirty hruwn ; minions ol' metallic balls over a and tj, 
( ). Ag -f- SI) a, Dci'j) veh et -black pansy-shaixal halo, 
which falls olf in tiakes when cold, shading olf to me- 
tallic grey, towards the dark grey assay ball, h, Faint 
yellowish white. The n'st white, thick. This table 
should be hand-coloured b\’ the student, according to 
tlie directions above given. 

The slightest trat^e of alloy of trad with ti?i may be 
detected in a fe^^" minutes on A1 plates, by keeping the 
assay (“ block tin” for instance) on a C-slip, enveloped 
in a good H.P. The tin will not oxidise as long as it 
is covered by II. P., whilst all lead is thus rapidly 
deposited on the vertical plate-surface as a white sub- 
limate which turas hrorvn after P.P. The moment 
II.P. is removed from the red-hot assay, it is covered 
with a thick crust of tin dioxide, and cools snow- 
white, which may be reduced to metal by adding a 
little borax, and covering the mass with a good 
blue II.P. 

If any alloy ball (as of gold with silver) be placed on 
bare aluminium plate, and gently heated on one side for 
some time wit li P.lk, the metal possessing the lowest fus- 
ing point will imperceptibly melt, and its molecules (jra- 
d.ually JloYC towards the source of heat^ remaining even- 
tually on that side. The Alloy (Au + Ag) will be found 
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white on that side, and yellow on the other. A kind of 
“parting’" is thus effected. The alloy must not be 
raised to the fusing point, but kept red-hot. 

The Table opposite (VI.) should be now studied by 
first learning carefully the reactions of oxides, &c., in the 
li?u;s ifom 1 to 61 ; then those afforded by supports 
and reagt'iit.s in the colu/nns 2 to 7. 

The more familiar the student is with these in the 
first place, the more competent will he be to proceed 
with the analysis of difficult minerals. 

Note 1. In using Boric Acid, the mineral should be 
first carefully viewed under a powerful lens (as Fig. 
62), and a, few filings or sjx'cks, taken off any homo- 
genous-looking part, applied to the bofto/n of the hot 
bead, and treated with < ).P. The reactions afforded by 
these should be marked through the lens before any 
combined water has time to opales(*e the bead ; also the 
p.c. of the specks, and the .vwc// they afford when 
beginning to deco.oposo: if the proportion of veater is 
so large that opalescence has already supervened, the 
bead should be vesiculated, and tlie vesicle examined 
with the lens; also breathed on, and re-nieltcd in O.P. 
(for fluorine). The balls, fomied are then to be 
treated (in the bead) with O.P., II.P., and P.P., and 
re-examined as before. The oftener (‘ontents are boiled 
out and ti'eated in fresh beads the more certain the 
operator will be of ihv'iY separation. 

2. A1 plate reactions have disclosed the law that t/fO 
fosibilitf/ of volatile vuiab'^ is in the iiu'trsi' jovportio}^ to 
their volatility. Thus arsenic wholly volatilises before 
fusing, wliilst tin — the second in point of fusibility — 
aff'ords very little sublimate, and that only upon its 
own surface; and bismuth — the first in fusibility — no 
sublimate at all on the bare plate. 



CHAPTER IX. 

ON PYROLOGTCAL MIXRRALOGY, AXI) A PROPOSED 
SPECIFIC GRAVITOMETER, ETC. 

Mlneralogical Science may be (conscientiously) 
divided into two parts, which are almost separate from 
each other, l^art I. treats of the geometric and optical 
properties of the beautiful and symmetrical crystalline 
forms (Greek /oysl(dlos, a crystal) we so often behold 
in underground nature — that is in collections of crys- 
talline minerals brought from mines, c^c. ; and Lon- 
doners have special facilities for examining these, as 
the splendid British- Museum collection at South Ken- 
sington, under the clever and courteous superintendence 
of Mr. Lazarus Fletcher, is, I believe, the finest and 
most complete in the world ; that of Vienna coming 
next. But “ geometric and optical properties of crys- 
tals ” comprise two of the most difficult portions of tlie 
liigher mathematics, and can only, therefore, be proptrfy 
studied by an able mathematician ; so that the study, 
liowever interesting, can have no place here, although 
the simple measurement of crystalline angles may 
certainly be (and shall be here) employed. The deter- 
mined student, however, may be referred to the “ Mine- 
ralogy ’’ of the late Prof. W. II. Miller, of Cambridge, 
the first of English mineralogists (Longman and Co., 
18o2), modestly but absurdly called by him ‘‘ Phillips’s 
Mineralogy ; ” to the capital but too brief work of 
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Prof. Nicol, of Aberdeen; and, not least, to the splendid 
American “System, of Mineralogy’" by Prof, J. D. 
Dana, 1877. 

Part IT. relates to wliat has been called “ Determi- 
native Mineralogy ; a title which, as the word 
“ determination in analysis is properly applied to 
quantitative results, I have ventured to alter here to 
“ Pyrological Mineralogy.’’ It facilitates the identifi- 
cation of ]\linerals and “ Rocks,’’ so that each may be 
relegated (Latin rtleyOy I transfer) to its projicr place 
in the “ system ” arranged for it, crystallo-graphically 
or otherwise, by Part I. ; and this work is, nowadays, 
almost uniycrsally carried out by means of the Blow- 
pipe. By adopting this system of Blowpipe Analysis, 
the student will soon see that he can perform it by 
means of tlic blowpipe alone : in every other system, as 
is well known, frequent application must be made to 
the violent fluid acids — nitric, hydrochloric, or sulphuric 
(sometimes to all three), which, as is also well known, 
arc almost impossible to carry without the greatest risk 
of serious injury. AVithout further preface, I now beg 
to introduce to the student the following tables, which 
explain (or ought to explain) themsc'lvcs, and he will 
have to study them carefully, especially Yll. and IX., 
before beginning Chapter X., in which we commence 
our Actual Work. 

The next Table (VIL) will be found useful in 
guiding the analyst to the proper treatment of the 
substance he is going to examine. It requires no 
explanation, but the neglect of employing its assistance 
in the first place, will probably entail a loss of both 
time and patience. 



Table VII.— General Guide to First Analytical Operations. 
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Table VIII. — Fractions and Percentages. 

(For ai)proxiniatin»^’'^ quantit.itivc redactions.) 


Per 


Tot'll 

Per 


Total 

cent. 


ooTiiposition. 

cent. 

eompositinn. 

8 

equal to about 1 - 1 2lh 

44 equal to 

about 4-9tbs 

9 



1-lllh 

43 


6-11 tbs 

10 



l-lOth 

30 


l-2ud 

11 



l-9th 

34 


6-llths 

12 



l-8th 

3G 


4-7tbs 

14 



l-7t.h 

GO 


3-3thH 

17 



1-Oth 

CG 


2-3rds 

20 



l-5th 

70 


5-7ths 

2.') 



l-4th 

75 ,, 


3-4tbs 

28 



2- 7 tbs 

80 


4-3tbs 

38 



l-3rd 

84 


G-7ths 

30 



3-St.hs 

S3 


3-Gt.hs 

40 



2 -5 tbs 

90 ,, 


9- 10 Lbs 

42 



3- 7 ills 







I’cr cent. 



Per cent. 


l-2nd 

about oO 

7-8tbs 

abo 

ut S7 


1-31(1 


33 

2-9ths 


22 


l-4th 


2o 

4-9tLs 


4 4 


1-oth 


20 

3-9 lbs 


35 


1-Cth 


17 

7-9ths 


77 


l-7th 


14 

8-9tbs 


88 


1-Sth 


12 

3-lOths 


30 


l-9lh 


11 

7-lOtlis 


70 


l-lOth 


10 

9-lOtbs 


90 


1-llth 


9 

2-lltbs 


18 


1-1 2th 


8 

3- 11 lbs 


27 


2-3rtls 


GO 

4-llths 


3G 


2-lilis 


73 

3-11 lbs 


13 


2-olhs 


40 

G-1 Itlis 


34 


3- ulhs 


GO 

7-11 tbs 


G3 


4-olhs 


80 

8-11 tbs 


72 


o-Gllus 


83 

9-11 tbs 


81 


2-7tliH 


28 

10-1 Itbs 


90 


3-7ths 


43 

3-12lhs 


4G 


4-7ths 


3G 

7-12ths 


36 


rj-7tbs 


70 

9-12tbs 


72 


C-7ths 


81 

1 l-12tbs 


92 


3-Stlis 


3G 

1-lJth 


7 


6-Slhs 


GO 





* Latin adj to, and. proxlmns, nearest. 


I 
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Table IX.— Of Assay Squares. (Fig. 113.) 

(For approximating quantitative reactions.) 

In order to use this table (see also the previous one), 
the student should cover square (2) with a thin slice of 
unclouded agate, or, if that cannot be obtained, with a 
piece of glass. He should then cover the square (seen 
through the transparent medium) with the fine powder 



Fig. 113 


of any pure oxide, say silica, and pack it down with a 
fine steel spatula (a piece of flat watch-spring answers 
admirably), so that all inner lines are jmt not visible, 
but there should be no greater depth of powder than 
this. He then takes up the whole of the powder by 
degrees, with a hot bead of boric acid on pt. wire, and. 
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after treating with. O.P. and flattening the hot head 
by firmly pressing it on an aluminium plate with the 
fore-finger in a platinum capsule lined with moist cha- 
mois leather, he observes through a lens how large this 
quantity thus appears in the flat bead. He should then 
try another oxide, say alumina, in the same way, and 
observe the difierence in appearance af several frac- 
tional parts of the square of powder. After going 
through as many as he can of the pure oxides in this 
manner, he should place the flattened transparent bead 
over the square corresponding to the supposed character 
of the mineral to be anal 3 ^zed; minerals with few con- 
stituents correspond to squares with few divisions, e.g, 
(Latin exempli gratia^ for example), suppose the mineral 
to be anah^zed, be thoroughl^^-roastcd ‘‘ rich " Smaltite. 
The operator observes that black opaque balls which 
turn violet after H.P., represent a part of the original 
powder which would have covered one of the spaces of 
square (G) : he thus knows that about one-sixth of this 
mineral consists of cobalt. In like manner he finds an 
amount of green fragments, which assume a white 
metallic lustre after H.P. representing a j)ortion of the 
powder, wLich would have only filled one of the spaces 
of square (8), and considers about one-eighth of this 
mineral to be nkhel. Again he finds so few brown- 
black opaque balls present, that the proportion of powder 
they represent would not have even lialf covered one 
of the spaces of square (12), and so enters “ very little 
iron in his notes. Opacity" in the bead is remedied b^" 
boiling, e^c., as directed at page 84. All proportions 
below one-twelfth are to be entered as little; all 
below one-thirtv-third (or about 3 per cent.) as ‘‘ very 
little all below 1*0 per cent, as a trace.^^ 
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A Proposed Specific Gravitometer. 

Every sclioolboy ** knows the story of how Archi- 
medes discovered the fraud of brass in King H iero’s 
‘‘ golden crown, by the deficient specific gravity of 
the allo}^, through the proportional displacement of 
water ; but few mineralogists seem to have considered 
if the modern expensive and elaborate modifica- 
tion of this method (weighing the substance hanging 
at the bottom of an assay-balance pan in water) may 
not bo again modified by a more simple, cheap, and 
portable, if less mathematically correct instrument, 
for the benefit of travellers, and thousands of others, to 
whom ‘‘ an assay-balance ’’ is all but an impossibility, 
and who, therefoi e, often, nowadays, solve ” this 
important question by “ carefully ’’ poising the sub- 
stance in the riglit luind ! 

The accompanying drawings and references will 
perhaps be sudicient for purjioses of exjilanation ; 
but the way to determine the gradations of the scale 
on tube d is by first noting (with a file on the tube) 
the quantity of water displaced by the fall of the 
empty box a ; then filling it with pure platinum 
filings, and marking t/tis displacement ol‘ water as 22, 
commencing from the notch above made ; because 
22 is the specific gravity of pure platinum (“ L)es- 
chanel,’' p. 86). The maker then similarly drops the 
box a filled with pure gold tilings, and marks the point 
of its displacement 16*6, because this is the specific 
gravity of pure gold. The space between these two 
last points is, oi' course, to be graduated 2*4 “ de- 
grees ; ” and this will give the dimensions of the 
degrees for the rest of the tube upwards. The length 
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of the Ix'kx a is cli tcriuiniHl by tbo oonvcnionce to the 
maker of the ])oint ‘J*J. If lio rinjuires to be irn/ 
low down (»ii the tube, ti must be a l<>u^ box, and 
rict rrr,'<ii. Cd’ course', if necessary, the box can be 
withdrawn by a silk tliread attached to tlie top. 

It may be objected that this method does not show 
the actual displacement of water, inasmuch as the sub- 
stance does not take the place of the water— is not 
actually immersed in it ; but that does not matter to 
the operator, as long as the correctness of his scale of 
specihe weights is certified (as it, of course, will be 
here) by two starnhircU of pure substances — platinum 
and gold — and the displacement points of these two 
ought not to be marked except as the result of many 
careful experiments. 

Table X. — The Paragenesis* of some Ores. 

(Compiled from Von Cotta’s “Lchre von den Erzlagerstatton.”) 

Cassiterite (Kassiter'ite) is often associated with 1, Quartz ; 2, Schorl ; 

3, Chlorite (Rlo'ritc) ; 4, Mispichel ; 5, Pvrite ; G, lilondo. 
Chalcoi)yrite (Kalko])y'ritc) is ofttii associated with 1, (Quartz ; 2. 

Fluor-spar; 3, Galena; 4, lilende ; o, ChaJyhitu (Kaly'bite) ; G. 
Dolomite ; 7. Pyrite. 

Cuprite (Kup'rite) is often associated with 1, Quartz; 2, Native 
Copper ; 3, Malachite; 4, Chessylitc (ch soft, as in “cheese”). 
Fluor-spar is often associated with 1, Quartz ; 2, Wolframite ; 3, 
Chlorite ; 4, Ortlioclase ; 5, Chalyhite ; G, Chah opyrite. 

Galena is often associated with 1, Quartz ; 2, 1’yrite ; 3, Chalcopyrite ; 

4, lllende. 

Gold is often associated with 1, Quartz; 2, Tellurium ; 5, Pyrite. 
Pyrite is often associated with 1, Quartz ; 2, Cassiterito ; 3, Chal- 
copyrite ; 4, Galena; 5, Fluor-spar; G, Mispickel ; 7, Limonito. 
Quartz is often HSS(K;iated with 1, ()rtho(dase ; 2, Mica , 3, ISchorl ; 4, 
Chlorite ; 5, Chalyhite ; G, Caleite ; 7, Dolomite ; 8, Baryta ; 9, 
Fluor-spar; 10. Cjissitorite ; 11, Pj^rite ; 12, Chah;oj)ynte ; 13, 
Limonitt! ; 14, Wolframite ; 15, Cuprite ; IG, Galena; 17, Blende; 
18, Bournonite ; 19, Native Gold; 20, Native Copp(‘r. 

Serpentine is often associated with 1 , Steatite ; 2, Diallago ; 3, 
Ash( stus; 4, Coi)per; 5, Chrysoeolla. 

N.B. — Th(; numbers, of course, refer to the frequency of association, 
1 being most frequcint. 

* Greek para^ near, and genesis^ formation. 
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Table XI. — Geological Subformations with the 
containing Systems. 

(Compiled chiefly from Lyell and Penning.) 

KUnFOUMATION. SYSTEM:. 

1. Alnm schists of Swedon and Norway . Cambrian (ui)pcr) 

2. Albien ....... Cretaceous (up. div.) 

3. Ashdown sand: AV(‘ahlen . . . Ditto 

4. Ancient Nilo-mnd funning river teiTaC(;8 Ploistoceno 

5. Argile do Lundres (near Dunkirk) . . Eocene (lower) 

G. Artfile plastique ..... Ditto 

7. Apticn ....... Cretaceous 

8. Aynn^stry hods ..... Silurian 

9. Dala hods Ditto (lower) 

10. Basin (IMayonce and Vienna) . . . INIiocene (lower & up.) 

11. Do. (Paris) ...... Eocene (upper) 

12. PjCTuhridge sinies ..... Eocene 

13. Bairshut and Bracklesham beds . . Ditto 

14. Batli ( tolite ...... Jurassic 

IT). Blackdown bods Ciotaceous (upper) 

IG. Bolderberg beds of Belgium . . . lyiioccne (upper) 

17. Bone bed . . . . . . Silurian (upper) 

18. Bovey Tracey ]dant buds ... ]NTioc(.‘ne 

19. Breccias, Australian Cave ... Pleistocene 

20. Do. Penrith and Dumfric'ssbiro . . Permian 

21. Bun ter sandstone of Lancashire and 

Cheshir(! Trias (middle) 

22. Do. of Germany ..... Ditto (lower) 

23. Bridlington Beds, Marine Arctic fauna . Pliocene (newe r) 

24. Oaradoc beds Silurian (lowi'i) 

25. Calcaire grossier . • . • • Eocene (middle) 

2G. Do. silicieux Ditto (upi>or) 

27. Claiborne beds of United States • . Ditto (niiddlo) 

28. Chalk Marl Cretaceous 

29. Do. Maestricht ..... Ditto 

30. Do. (mid.) (low) (up. with flints) . • Ditto 

31. Do- Eaxoc Ditto (upper) 

32. Calcare()us Sicilian strata . . . Pliocene (newer) 

33. Clay Atherfield ..... Cretaceous 

34. Do. Alum Bay and Bournemouth . - Eocene (upper) 

35. Do. Aix-la-ChapelJo .... CrctJiceous (upper) 

36. Do. Jiarton ...... Eocene 

37. Do. Bovey IVacey .... Miocene (ui)per) 

38. Do. Bradford Jurassic 

39. Do. Kimme^ridge ..... Oolite (upper) 

40. Do. London ...... Eocene (middle) 

41. Do. Lower Gault Cretaceous 

42. Do. Oxford Jui-assic (m. oolite) 
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SritFOllMATTON. BYSTEM. 

4S. Clny Speoton^ of Flamboro’ Hoad . Crotaooous (lowot) 

44. I>o. ■\^'oald of Surrov, Kont, ami SiiBSCY Ditto 

4'k Cliiflosford liods. otiii'lly Arotio . . riioocno (newer) 

<.r liirlnu 'iiu, Virginia . . Trias (upper) 

47. Dri. Noitti < 'aioiii.a .... l)ilto 

45. Do. S i!th tiios with nnih'rtlays . CarboiiiferoiiB (upper) 

4'.‘. Do. N. rth uTui I ■- u! nil Kn^lami . . I'itto 

.■><h D . Kiilv. r,i;y, li. land. . . . Ditto 

ol . D '. S ta: hrm k ..... Ditto 

:yl. Do. I't T nsy Iv.ii'.ia . .... Ditto 

o:;. D ‘. .''tiMlaot S aith Xova Sn-tia T>itlo 

')!. 1>.>. slat f of Inland .... Ditto (lower) 

oo. lh>. Iniiesiom s and sandstones of .Scot- 
land ....... Ditto 

of). Ciom-lonifTate of North Germany . . rn'taeeous (lower) 

oT. D". Doloniitie ot r.riMol . . . Trias (upper) 

oS. Ciiral rai; ...... .lura'isic 

dS.\.C'orallieii ...... Ditto 

dd. Corailine era^ ..... I’lioeone (older) 

GO. Cornhrash ...... Oolitt; (middle) 

61. Cy]nidinen — Sehlefer and Clymenien- 

kalk, Ithenish jiiovinees . . . Devonian (upper) 

62. Dourilon sandstone or hoTu' bed . . Silurian 

G2. Danian or ^laestrieht chalk . . . (hetaeeons 

64. Dordogne eaves of Reindeer period . ricistocene 

65. Driit, Salisbury, with bones of Mam- 

moth, «k(*. . . . . . . Recent 

GG. Dolomitic limestone .... Rcjrmian 
67. Devonian rooks — lower, middle, andup]x;r Devonian 

GH. Krraties of Ragham and Selsea Bill . Recent (R(»st Tcrt.) 

69. Karth, Fulle-r’s, of Bath . . . . Oolite (lower) 

70. Flags, Arenig ...... Cambrian 

71. Do. Lingula ...... Ditto 

7*2. Do. Llandeilo ..... Ditto 

7d. Faluns ()f Touraine .... IMioei no (upper) 

74. Do. Bordeaux ..... Ditto 

75. Freshwater strata of Germany (France, 

bones of Plio/^WiccMs) .... Ditto 
7G. Faxoe chalk ...... Crcitaceous (upjjcr) 

77. Gault (low’cr and ujiper) . . . Cret.ac.eous 

7 8 . Greiinsaiid upper ( “Firestone * ’ of Surrey) Ditto 

79. Gannister bi^ds ..... Carhoniferons 

80. Gypsum (if IMontmartre .... Kocono (ujipor) 

81. Gres d(! B(;auchamp .... Ditto 

82. (xrit Obolus (<-»f Russia) .... Silurian (lower) 

83. Do. Millstone ..... Carboniferous 

84. Do. Harlech ...... Cambrian (u} ])or) 

85. Gneiss fundamental of the ITfdirides ? . Ditto (lower) 

86. Do. and Quartzite containing Eozoon 

Canadciise ...... Lauren tian (lower) 

87. Harlech beds ...... Cambrian 
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RIinFOllMATION. SYSTEM. 

88. Headon "beds ...... Eocene 

89. HciHi»steMd beds Miocene (lower) 

90. Hallstadt beds (marine fauna, N.W. Ger- 

many) ...... Trias (upper) 

91. II uronian Series (Canada) . . . Cambrian (l(jw(;r) 

92. Ilfracombe beds ..... Devonian (upi)er) 

93. Kleynspawen beds (Belgium) . . . Miocemi (lower) 

91. IGdloway rock ..... Jurassic 

95. Keu])er sandst me ..... Ditto 
90. Do. Ixsds of Geiinany .... Trias (upper) 

97- Kiii>f<'r schiefer ..... Permian 

98. Kalk Jdaner (Saxony) .... Cretac(;ous (upper) 

99. Ijacustrine beds of Auvei'gnf) . . . Miocene 

100. Do. mud (Swiss lake dwellings) . . llccent 

101. Do. strata of Upper Val d'Arno (Italy) Pliocene (newer) 

102. Ijoc'SS of the Pliine ..... Pb.'istocene 

103. Jjoain and Breccia of Liege eriverns . Ditto 

104. Leaf 1). d and land shells of Madeira . Plioc(!ne (newer) 

105. Liinestdiie, Aymestry .... Silurian 

100. lb), mountain (sub-carbon) . . . Carboniferous 

107. Do. hippurite ..... ( rt tMceous (upper) 

108. Do. iM.'igiie.'.ian (Zechstein) . . . I’eriniaii 

109. Do. AVb'iilock ..... Silurian 

110. Do. [ind volcanic tuff of Madeira . . -Miocene (upper) 

111. Do. Miliolitic (jf Fruneo . . . Eoe( ne (middle) 

112. Do. INeriruean of the dura . . . Oolite (middle) 

113. Do. d\)r(iuay (with numerous corals) . Devonian (upper) 

114. Do. Eil'ei (with underlying schists, Ger- 

many) ...... Ibtto 

115. Do. with sandstones of llussia • . Ditto 

116. Do. AVoolbojJO Ditto (lower) 

117- Do. Niagara. ..... Silurian (u))pcr) 

118. Do. Trenton (N. America) . • . Ditto (lower) 

119. Do. Pisoltic of France . • • . Ciotaceous 

120. Llandovery beds (lower). , . . UaTubriau 

121. Do. (upper) ...... Silurian 

122. Lias (bnver and upper) .... Jurassic 

123. liiidlow beds Silurian (upper) 

124. Lignites and clays of Bovey Tracej’^ 

(Devonshire) Miocene (lower) 

125. Do. beds of Cadibona (Italy) . . . Ditto 

126. Marine strata of I’uzzuoli (Temple of 

Serai)is) ...... Recent 

127. Magnesian limestone of Russia, &c. . IbTmian 

128. iVIarblo (forest) ..... Jurassic 

129. Marls (sub-ap( nuine) .... Pliocene (older) 

130. Do. (Keupor) ..... Triassic 

131. Do. slate ...... Permian 

132. Do. chalk Cretaei'ous 

133. Murlstono ...... Jurassic 

134. Maybili sandstone Siluiian 
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stjbfoumation. system. 

135. Mndatones Silurian. 

136. Mill slono grit . . • • . • Carboniferous (upper) 

137. IVIenevian bods . • . • . Cambrian 

138. IMuschclkalk ...... Triasaic 

139. Molasso (Marine, of Switzerland) . . Mi oeoiie (upper) 

140. INlarino strata of tbe Atlantic border, U.S. Ditto 

141. Mayenee basin ..... Ditto (low. & up.) 

142. INlaestriclit bods ..... Cn'laceous (upper) 

143. ISlarnea a gryphons .... Oolite (upper) 

144. IMarl slate of Durham and Yorkshire . Permian 

145. ]\I('rgol (or Kiipfer) scheifer . . , Ditto 

146. Nebraska bods, XT. S. .... INI ioeene (lower) 

147. Neooomian of Noufchabd, See. . . Cretaceous (lower) 

148. Nummulitic formation of Europe, Asia, 

<kc. ....... Eocene (lower) 

148a. N orwich crag ..... Pliocene 

149. N(?rin(ii'an limestone of the Jura (of>lifi(‘) .lurassie 

150. Old red sandstone (lower, middle, upper) Devonian 

151. Oolite (lower, middle, upx^er) . . Jurassic 

152. Osborne aori(;s ..... Eocene (upper) 

153. Q^hininghen beds (Switzerland) • . ]\liocen(5 (iix>x>er 

154. Portland beds . Jurtissic 

156. Purbeck beds (lower, middle, upper) . Ditto 

156. Paris basin ...... Eocene (upper) 

157. PuTifield marine beds .... CTretacoous (loNver) 

158. Pikermi deposit (Athens) • • • Miocene (ai>j)cr) 

169. Red crag of Suffolk .... l^lioccne (older) 

160. Riipelmonde beds (of Belgium) . . jMioccnc (lower) 

161. Radahoj Ixids (Croatia) .... Ditto 
102. Reading seri(!s, or Woolwich beds, or 

Thanet Sands ..... Eocene (lower) 

163. Rag, coral, of Berks, YTilts, and Y^orkshiie Jurassic 

164. Rho'tic beds (Bavarian Alps) . . . Triassic 

165. Rock, Kello’way, of Wilts and York- 

shire ....... Jurassic 

166. Roth Liegend(?s (Thuriugia) . . . JVirmian 

167. Rocks, hypersthene, of bkye . . . La urentian (upper) 

1G8. Sandstone, new rt^d (Thintcr, Germany, 

Lancashire and Cheshire) . , . 'J’riassio 

169. Do. ISIayhill ...... Silurian (iippcr) 

170. Do. old red ...... Devonian 

171. Do. Kothliegende (lower, ujiper) . , INainian 

172. Do. Douriton ..... Silurian (upper) 

173. Sands, Thanet • • • . . Eocene (lower) 

174. Do. iiagshot. ..... Eocene 

175. Slate (low'er) limestone .... Carhoniferous 

176. Do. Marl (Kiiider schiefer) . . . l^ermian 

177. Shale, Wenlock ..... Silurian (upper) 

178. Do. Woolhopc ..... Ditto 

179. Do. limestone (lower) .... Carboniferous 

180. Slates Skiddaw • • • • . Cambrian 
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PITurOHMATION. 

181. Slates, Tremadoc .... 

182. Senonien ..... 

183. Sul>-aponnine marls and sands 

184. Su])orj^a beds (noar 'J'uriii) . . 

185. Si walik strata (India) 

186. Spetdon clay of Flamboroiigh Head 

187. Saarbr tick coalb old . 

188. St. llobin’s (Osborne) serif's . 

189. »Sabl(i IMoyon (sands and marls, l^lri 

basin) ..... 

190. Soissonnais sands .... 

191. Sable de Frachoux . . 

192. Sands and clays of Aix-la-ChajH-llo 

193. Do. of F'olkstoue, Saridgato, llytlio, anc 

I. of Wight .... 

194. Do. Tcalby 

195. Do. Hastings .... 

196. Do. I’ortlaiid .... 

197. Do. Ashdown (Wealden) . 

198. Do. snb-apf'imine .... 

199. Sandstone of Penrith and Dumfries 

200. Do. of (yonneeticut (footiirints of birds 

&c.) 

201. Do. of Dura Dean (Fifeshire) 

202. Do. of Forfarshire and rerthshire 

203. Do. Pilton of N. Devon 

204. Do. Petlua’wyii, Cornwall . . 

205. Do. of Russia .... 

206. Do. (lower) of Forfarshire 

207. Do. of Western Canada and Now Yor 

(Oriskang) .... 

208. Do. of (Jaspe, Eastern Canada 

209. Do. Dowiiton .... 

210. Do. Potsdam, Canada, and IT. S. . 

211. Do. Fucoidal, of Sweden 

212. StoiK!, I’ortland .... 

213. Do. lithographic of Solenhofen 

214. Slate, Stoneslield .... 

215. Do. LlanbtTis .... 

216. Shales, rt'd, of ('Tieshiro and Lam-ashire 

with rock salt .... 

217. Schists, bituminous, of Gamrio, Cailhnes 

Ac 

218. Do. Eifcd (Germany, calcoola-schiefer) 

219. Stories, paving (Arbroath) 

220. Shales, Taraiinoii (Wah's) • 

221. Slates (lower) Llandovery 

222. Schists, alum, of Sweden and Norway 

223. St. Cassian or llallstadt hods . 

221. Tarannon shales (Wsih^a) 

225. Tufaceous strata of Sicily 


SYSTEM. 

Cambrian 
Cretaceous 
Pliocene (older) 
JMiooenc (upper) 

Ditto 

f'retaceous (lower) 
Carboniferous (upper) 
Eocene (upper) 

Ditto 

Miocene (middle) 
Eocfne (lower) 
Cretaceous (upp(;r) 

Ditto (lower) 

Ditto 
I)itto 
J urassic 
Crt'taceous 
Pliocene (older) 
Permian (lower) 

Trias (lower) 
Devonian (upper) 
Ditto 
Ditto 
Ditto 

Ditto (middle) 

Ditto (lower) 

Ditto 

l)itto 

Silurian (upper) 
Cambrian (upp(.’r) 
Ditto (lower) 
Juras.sic 
1 )itto 
Ditto 

Cambrian (lower) 

Trias (uiijior) 

Devonian (middle) 
Ditto 

Ditto (lower) 
Silurian (upper) 

Ditto 

Cambrian (u]ipcr) 
'I’rias (upper) 

Silurian (upju'r) 
I'lioceuo (newer) 
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BUBFORMATION. 

226. Tuff, volcanic, of Madeira • • 

227 . Tongrian bods of IJclgium 

228. Travertin Inferieiir . . . . 

229. 'I'haiiet sands, or Woolwich Ixuls . 

230. ’J’oalby scries of Lincolnshire (Ncoc. M.) . 

231. Tiironien middle chalk . . . . 

232. Touraino Faluns . . . • . 

233. Woolwich bods, or Thanet sands 

234. Wealden la^ds of liaiiovor, Surrey, Kent, 

Sussex, &-C. . . . - . 

23u. White chalks of France, Sw(^d(;n, and 
Kussi.'i ...... 

236. Do. with flinfs (upper), without flints 

(lower) Briiish . , 

237. Woolhope limestone and grit (N. and S. 

Wah's) . . . . 

238. Wenlock limestone and shales (N. and S 

Wahis) 

239. White crag (coralline crag) 

240. Yoredale series of Yorkshire . • 

241. Zechstein ..... 


SYSTEM. 

Mlof‘eii(> (upper) 

Ditto (lower) 

Eocene (upper) 

Ditto (lower) 
CiT'tacoous (h)M er) 
thetaceoiis 
INliocone (ui)per) 
E()cene (lower) 

Cretaceous (lower) 

Ditto (upper) 

Ditto 

. Silurian (upper) 

Ditto 

PliocoTie (older) 
C!arbonif(;rous (upper) 
I’ermian 


N.D. — The above numbers to a mineral indicate the sub- 

formations in which it is most commonly found. 


Table XII. —Characteristic Fossil Species in 
Principal Geological Subformations. 

(Compiled chiefly from Penning and Lyell.) 

The following fable is intended to supply an additional 
aid in the inineralogical use of Table XT., and thus 
to assist the geologist in the pyrological as well as 
the palaBoiitological determinat ion ol‘ “ horizons ” or 
“ zones.’' An illustration of Ibis purpose will be best 
afforded in the words of Professor II. A. Xiebolson 
(Nicholson’s Pabeontology,” vol. i. p. 37, last edition) : 
‘‘ We often meet with cases in which a formation, even 
if essentially homogeneous in its mineral nature, can be 
divided into Zonrs, each of which is characterized by 
the possession of special groups of fossils. The most 
celebrated of such cases is that afforded by the Lias. 
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This great and essentially argillaceous formation can 
be divided into a number of zones, each of which is 
characterized by possessing some sj)ecial fossils, and 
particularly by some special ammonite. These zones 
are extremely constant, and they arc traceable wherever 
the formation is fully developed and has been fully 
examined in Europe, so that they enable us to effect a 
division of tlie formation into special horizons which 
have no stratigraphical existence, and are not sepa- 
rated by any physical break The principal 

difficulty that we have to confront in dealing with these 
‘ zones ’ is to produce an 3^ plausible explanation ac- 
counting for the destruction of the special life-forms of 
the one zone and the appearance of those of the next 
zone.” 

Now it seems to me that the delicate pj^rochemical 
anal^^sis of t he mineral matler of such zones,” possible 
by the blowpipe, \^•oald, perliajjs, in some measure, 
solve this difficulty (and probably some others) of 
geologists and paleontologists, and show that there is 
a “ physical break ” of matter corresponding to the 
fossil demarcations, and that the formation in reality 
is not ‘‘essentially homogeneous.” The prefixed num- 
bers of course corros])ond to those of Table XI. 

9. 24. Asaplms Powisii — Balticus — Ilolopca Concinna 
— Illa'Tiii.s rx.w'iiiMTmi— L( j.ta'iia Jjtuilcs Cumu-arirtis — 

Orthis Ytvs]»ntilii»— OrlhiN Elubi'llulum — J'luicupa Apiculutua — 
Trine uleus (.'onceutrieiis. 

12. ir)2. liiilimus Elliptie.us — Chava Tuborcnlata — ^Melania Turiitis- 

Hima — Melanojisis C^arifiata — Talialina L('nta -PlanoibiH Discus. 
17. 172. Auehen.aspis SaMcii - At.rvpa Rrl.iinilaris— (.'(‘phalaspis iMur- 
ohisoni - Dal vnieiui liliiineiibaehii— tbioiules Slnati lla (lata) — 
Lavesites lb ■th!amii<-u — 1 h-Jiuliles Inters ir eta — Lia,i;-liila ('omea 
- A.liielius 'riniiistiialuH — Urt-his Klej^'antula (Innata) — Pliaeofis 
Oandata — l*r(ti4ns DatitVons — I’latyehisnui llelieuides — Pteraspia 
P>anksii — lM.iryi;a)tiis Liulensis — Uhyiieonella Wilsoni — IStru- 
plioniena Eui::lyi>ha — JStitjphoniena Dojuvssa. 

13 . Cardita I’lanicusla — Ceritlieum Giy:anLeum — Conus Deperditus — 
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Litharea Wt^hsteii — Nummulites Laevigata — Turritella Imbri- 
calaria. 

18. Banksia Longifolia — Carpimis Grandis — CinnamoTnum Lanceola- 
tnm — CoryluR Grosse-dentata — Lastria Stiriaca — Sabal Major — 
Sequoia Couttsiie — Sequoia Langsdorfii. 

28. 30. 132. Ammonites Yarians — Ammonites RbotomagenRis — Belrm- 
nitclla Plena — Holaster Subglobosus — Lima Globosa — Pecten 
Beav’'ori — Torebratula Somiglobosa — Tiirrilihis Cf>status. 

63. Baculites PaujHsii — Brachyiu'us Rugosus — Uemipneustes Radia- 
tus — Nautilus Danicus. 

231. Ammonites Peramplus — Diseoidoa Cylindrica — Eobinoconus 
Subrotundus — Tnoceramus Labiatus — I’tycdiodus Deciirreus — 
Rhynconella Cuvieri — Terobratulina Gracilis — Ventriculites 
Radiatus. 

31. 182. Ananchytes Ovafus — Belemnitella Mucronata — Echinoconus 
Coiiicus — Inoceramus Brogniartii — Lima Hoperi — Micraster Cor- 
anguinum — Parasmilia Centralis — Rhynconella Octoplicata — 
Spondylus Spinoaus — Teri'bratula Cornea. 

36. Chama Squamosa — Conus Dormitor — Crassatella Sulcata — Fusns 
Longm vuR — N ummulites Y ariolaria — Pleurotoma Colon — Ros- 
tellaria Rirnosa — Volnta Luctatrix. 

38. 151. Apiocrinus Parkinsoni — Ceromya Concentrica — Cylindrites 
Acutus — Patella Rugosa — Purpuroidea Morrisii — Rhynconella 
Concinria — Ten bratula Digona — Trigonia Goldfussii. 

33. 147- Ammonites Desbaysii — Ancyloceras Gigas — Crioceras Duvalii 
— Dieeras Lonsdalei — Exogyra Sinuata — Gervilia Anceps-Mey- 
eria A^eetensis — Pecten Cinctus — Perna Mulleti — Terebratula Sella 
— IVigonia Candata. 

40. Aturia Ziczac — Nautilus Centralis — Nummulites PlanuTata — Pho- 
ladomya IMargaritacea — Rostellaria Ampla — A^'ormiculuria Bog- 
noriemsis — A’^oluta Nodosa — Zanthopfiis Tuberculata. 

41. 77. AporrbaiH Parkinsoni — Ammonites Lautus — Ammonitc^s Auri- 
tns — Ammonites lnterrux)tu8 — Belemnites Minimus — HaiiiiP'R 
Intermedins — Inoceramus Concu'ntricus — Nucula Pectinata — 
Solarium Ornatiim — Trochocyathus Conulus. 

39 Ammonites Biplex — Ammonites Mutabilin — Exogyra Yirgula — 
Patella Latissima — Pliosaurus — Rhynconella liiconstans — Thraeia 
Depressa — Trigonia Clavellata. 

42. Alaria Composita — Ammonites Cordatus — Ammonites Exeavatus 
— Ammonites Lambculi — Belemnites Ibtzo/.ianus — Gryphma L)ila- 
tnta — Myacites Reeurva — 'JVigonia. Costata. 

59. AsUii-te Omalii — Cardita Senilis — Plabellum Woodii — Faflcit'ubiria 
Aurantium — I’ecten Ox)(Teularis — Terebratula Grandis — Theunoa 
Globosa — Y oluta Lamberti . 

148r?. Astarte Borealis — Natiea ITcdieoides — Nucula, CobT»oldi;e — 
Rhynconella Psittaeea — Scalaria Greenlandiea — Tellina Ohliqua. 

159. Balanox)byllia CmIvcuIus — Cardium Augustatnm — Fusus Con- 
traiius — Nassa Retieosa — I*ectuiiculus Yariabilis — Purpura 
Tetragona. 

58. Ammonites Perarmatus — Cbemnilzia ITeddingtonensis — Cidaris 
Florigemma — Echiimobrissus Scuiatus — Thamnastroa Arach- 
noides — Thecosmilia Annularis. 
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68^. Ammonitca Achilles — Anmnonites Tenuilobus — Astarte Supra- 
corallina — Cardium Corallimim — Cidaris Florig-emma — Diceraa 
Arietiiia — IlemicidariH Cronularis — Terehratula Moravica. 

60. 128. Acrosalenia Ilemicidaroides — Avicula Eohinata — Holectypus 
l)(jpr(5SHus — N ucksolites Clunicularis — Terehratula Intermedia — 
Terehratula Lagenalis. 

48 to 55. Alethopteris Lonehitica — Anthracosia Phillipsii — Anthracosia 
Acuta, Ilobusta, &c. — Calamites Suckovii — Cythorci liillata — 
Lepidodendron Sternlxirf^i — Megalidithys Jlihherti — Neuropteris 
Gigantea — Sigillaria Keniformis — Spirorhis Clarhenarius. 

67 (Lower). Alveolites Suhorhicularis — Iloiiialonotus Armatus — Orthia 
Arcuatus — Phacops liaciniatns. 

67 (iMiddle). Pronteua Plahellifer — Calceola Sandalina — (Gonio- 
phyllnm) Cyathophyllum Cjospitosiim — Favosites Ccrvicornis — 
Holioliies I’orosa — Megalodon Cucullatus — Stringocephalus Bar- 
tini — Uncites Gryphus. 

67 (Upper). Clymenia Linearis — Ciiciillela Hardingii — Cypridina Ser- 
ratostriata — Goniatites Suhsulcatus — Phacops Latilrous — Spiri- 
fera Disjuncta. 

70. 180. Asaphus Homfrayi — Dichograspus Sedgwickii — Diplo- 
graspua Pristia — Ogygia Selwynii — Orthia Carausii — Trinucleus 
Gihhsii. 

71. 72. Agnoatua Princops — Criiziana Semiplicata — Uictyonenia 
Hoc-iale — Ilymenocaris Vermicauda — Lingulella Davisii — Olenua 
Micrurus — A^saphua Tyrannus — Ampyx K udus — Didymograspus 
Al.urchisom — Difdograspus Foliaceus — Lingula AtLenuata — 
Ogygia Buchii — liastidtes Por<‘grinus — Trinucleus Fimhriatus. 

77. 78. Ammonites Itostratna — llamit(^s Armatus — Holaster l^:evis — 
Inoceramus Sulcatus — Ostrea Frona — J^ecten Asper — Pleuroto- 
maria Khodani — Khynconella Dimidiuta — Terehratula Biplicata 
— Terehratella I’ectita. 

79. 136. Aviculopecteii PapA^raceus — Discina Nitida — Goniatites 
Spha'ri(;us, Listeri, &c. — liepidodoTidron V(dth('imianum — Grtho- 
ceras Steiiihaueri — Posidonomia Bechori — Prod acta Seahricula. 

87. Arenicolites Bidyma — Agnostus Camhrensis — Concoryphe Lyellii 
— TIistioderma Jlihernicum — la'ixrditia Prima — Microdiseus 
Sculptus — Oldhamia Antiqua — Oldhamia lludiata. 

88. Cyrena Ohovata — Cythei;ea Iiierassata — Limnea Longiscata — 
Melania ISluricata — Phinorhis Euomphalus — I’otamidesConcaAuim. 

89. Cerithium Klegans — Chara INlc'dicaginula — Corhiila Pisum — 
Cyrena Semisliiata — Paludiiia Liuita — Itissoa Chastellii — Sequoia 
CoiiUsim — Voluta llathic'ii. 

120. Holopdla Tennicincta — lllamus Thomsoni — ]Moristena Angns- 
tifrons — Murchisonia Anguhita — Petraia iSubduplieata — Striek- 
landinia Lens. 

121. Atrypa JIeniis]>herica — Euomphalus Prenimtius — Pentamerus 
Ohlongus — I’cdraia Bina. 

122 (LoAver). Ammonites Puicklandi — Ammonites Planorhis — Belem- 
nites Elongatus — Extracriniis Briareiis — Grypliavi Incurva — 
Jlippopodium Ponderosum — iChyneonella Itiuiosa — Spirilei 
'VValeottii. 

122 (Upper). Ammonites Bifrona — Ammonites Communis - Belcmniles 
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Tuhularis — Cardinia Listori — Leda Ovum — BLynconella Cyno- 
cephala. 

105. Cyc'lunoTiia Corallii — Lingula Lcwisii — Orthncoras Ludense — I’en- 
taiTKjraa Kniglitii — Phragmoo(;ras Vontriooyum — Pteriuma 
Sowerbyi — lUiyiicnnella Kaviciila — Jihynconella Wilsoni. 

106. ActiiiDtrirnia 30-Da{‘t>ln8 — F.uoTTiphaliis Pentangulatus — Li- 
thostrot('nn Junceum — INIichelinia Favf»sa — OrodiiH Karnosns, &:c. 
— Ortliis l\<“supiiiata — l’hilli]»sia I’usiulata — Platyeriuuy J.a'viy — 
I’rodiicla Seniircliculata — Rliyncouoiia Acuminata — Spirilera 
Striata — I'ercbratula Sacculus. 

107. Ananchytfs — Catillus (InoctTainua) — Cidaris — Grrypha?a (Plxo- 
gyra) — Hippuritcs Orgaiiisaiiy — l.iriia N iicula — ( )sti“oa — Pcctcn. 
— Crrtain s}»ccios of the geuvra Spataiigus — S 2 )h.{L‘rulites — Kudistcy 
Torebratnla — Trigonia. 

108. 241. Aviciila Sptduncaria— Axinua OV)Scurns— Camaraphoria Cru- 
mciia — Foru'stella Ih tilormis — Lingula Creclneri — Nautilus Fiies- 
lebcni — Proilucta Horrida — Schizodny Sclilotheinii. 

loO. Fquis(4itt's C 'uluuniaris — Estberia Miuuta — llyperodapedon Oor- 
duni — Labyriiithodon .Jacgeii. 

131.07. Acrolepis Sedgwickii — CadacanthuH (xranulatus— Tangula 
IMytib'ides — Xcuntptcris lluttoniaua — l^abcoiiiscus Comi)luK — 
Platys(UJius Strialus. 

133. Ammonites Margaritatus — Ammonites Spinatus — Khynconella 
Tetrahedra — d'erebrat ula Punctata. 

135. Disciiia Kugata — (Trammysia Ciiigulata — llomalonotus Knightii 
— Orthonota Amygdaleiia — Itliyiicoiudla Nucula — Pliaco 2 )s i)ow- 
nin^ia*. 

Eocene iManmials. Anoplotberiiirn (Iracile etComtnuno — Chreroptamus 
Cuvi( ri — (.'oiyiilutdon JaocaTius — l)ichobune Cerviiium — I'alceo- 
tlicriuTn Magnum tt Minus. 

Miocene M animals. Acei»4,beriuin Incisivnm — Antbrarotberium 
IMairnum — I)inolb(?iium Oiganteum — Jlyopotamus Bovinus — 
]M astodon A u g a st i ( b ' ns. 

1‘liocene Mammals, lialaaiodon Emargiiiatus — Cervus AnoccroB — 
Elepbas Mcridioiialis — Mastodou Arvernensis — Rhinoceros Lep- 
torbi n us — d i } ) i r u s l*ri sc us . 

137. Ami'-stus Davidis — Concorypbe Homfrayi — Erinnys Vonulo-a — 
3 jingulclla b'crniginea — Obolella »Sagittalis — I’aradoxides Davidis 
Tbeca (.'-’iTUgala.. 

188. Ceraiitos N'odosus — Encrinus Liliformis — (xervilia Soeialis — 
Nautilus llexagoiialis — Placodus (digas — Terebialida V ulgaris. 

153. Acer d’rilobatum — Cinnamonum l*olymor])bum — (ilyptostrobus 
Enropmus — llakea JSalicina — I'latanus Aceroides — JSmiiax Sagit- 
lifera. 

154. Ceritliium Ikatlandicum — Lsastrea Oblonga — Lucina Portlan- 
dica — ddigonia (4i]>l!OMa. 

155. A rcbeoniscus Ed wanlsii — Cycadooidea i\I icro])}iylla — Cyjiridea 
d’ubereulata — Lepidotus Minor — Ostrea Distorta — I’lcurosteium 
Ovatum. 

164. Aviciila Contorta — Cardium Rluelieum — Oyrobijas d'enuiRtriatuy 
— IlyboduH PJicatilis — I’ectoii Valoniensis — Saurietbys Ajiicalin. 

173. 233. Ceritbiiun Funatum — Corbula Lengirosu-is — Cyjjrinu Mor- 
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riflii — Cyrcna Cuncifonnis — Melania Inguinata — Ostrea Bello- 
vacina. 

168. -®th(>phyllum Speciosum — Cheirotherium Barthi — Nothosaurus 
Schimpcri — V oltzia Heterox)liyna. 

170 ( Lower) . Cephalaspis Lyellii — Phacops Laciniatus — Pteraspis 
Lloydii — Pterygotna Anglicus. 

170 (Middle). Asterolepis Ormusii — Diplae.antlius Gracilis — Glypto- 
lexds Elegans — ( )steolepi8 Major — Phyllolcpis Conceiitricus — 
I^Lerichthya Major. 

170 (Up])er). Anodonta Jukosii — Coccostens Docijaena — Cyclo])tcTia 
Hibornica — Cyclostigma Minutum — Holoptychius Xobili.ssimus. 
166. 171 . Acanthodes Gracilis — Calamites Gigas — Callipteris Conterta 
— I’ala^onificna Illanvillei — Walchia Piniformis — T"nio Tellinariiis, 
175 . CieTiodontfi Tumida — Ciicnlbda Ilardingii — Modiola Macadanii 
— 1 1 h N’Ti con clla Pleurodon — Spirifera C uspidata — Streptorhy n c us 
Oreni stria. 

177 . Acervularia Luxuriana — Acidaapis Barrandii — Enomphalua Dia- 
cora — Oiiii)hyma Turbiiiatum — Ortliis Kuslicti — (jrthocerus An- 
ri ulatum — l*eiitamcrus Galeatus — Periechecrinns Menilifenriia — 
Ptcrinca Ketrotlcxa — Rctzia Cuneata — Spirifer PJicatelliis — lihyn- 
conclla Borealis. 

178. Atryjia Grayi — Homalonotua Delphinocevhalns — IllaDiiiis Bar- 
rienais — Meristella Didyina — Poutameriis Linguifer — lictzia Bar- 
randii — Sidrifcr Exporrectus. 

181. Angelina Sedgwickii — Concoryphe Dt'prossa — Modirdopsis 8ul- 
venais — Neacui’ctus Kamsayensis — Xiobu llomfrayi — Theca Gpei- 
Ciilata. 

232. Cardita Jouannoti — Lamna Contortidons — Ostrea Cvassissima — 
Pleurotoma Tuberculosa — Scutella Faujasi— Yoluta Lambert: — 
Voluta liarisjana. 

X.B.— In pronouncing the above names from the Latin, a is ]irn- 
nounced iis a in ‘‘part;’’ c, as a in “pajs” L ie.in “piece,” 
except where these vowels are obviously short. The student is recom- 
mt'uded to make or prueurc even rough sketches of the ft»s8ils indi- 
cated, and to keep them by him for reference. Engravings of very 
many of them are to be found in “ AVoodward’s Manual of the Alol- 
lusca,” Crosby Lockwood & Co. 


Table XIII. — Of the Blowpipe Treatment and 
Reactions of Ordinary Rocks. 


Apatite . 

Augite (Var. -Diallage) 
Basalt . . . 

Chlorite — Schist 
Doleiate . 

Dolomite • • 

Felsito . 

Fuller’s earth . 


. Tab. VI.— 3S-1 
.Tab. III. — 10* 1- 24- '1^'b 

. Tab. VI. — 18—1. Tab. 111. — 1- 
. Tab. III.— 27- d P dtc 24- 2S d 
. Tab. III.— 40- 1- 7)6- 24 jS d 

dO'dd 

. Tab. III. — 10* 12- 24. Tab. 111. — 1 
. Tab. VI. — 18-4. Tab. 111.— P 
. Tab. III.— 27 5 1* 28*5 

K 
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Gneiss . . . . , 

Granite . . • • . 

Hornblende • . . . 

liyperstbene . . . . 

Miea-Sehist . . . . 

( )bsidian . . . . . 

Phonolile (Clinkstone) 
Porphyrite . . . . 

Pumice (Lava froth) 

Qu.'iriz (vars. Flint, Ilorn- 
fc-slone, ('h* rt) 

Quartzite (altei\;d quartz sand- 
stone) ..... 
Rock-Salt - . . . 

Sandstone (^Micaceous) . 
Serpentine . . . . 

Slate . . . . . 

Steatite 

Syenite ..... 
Talc-rock ((piartz, Felspar, 

Tal.-) 

Trachyte . . . . 


Tab. VI.— 48-4. 
Tab. \T.— 48-4. 
Tab. VI.— 18-4. 
Tab. VI.— 48-4, 
24* 28-5 

Tab. III.— 2-75 
Tab. VI. — 48—4 
Tab. VI. — lS-4 
Tab. VI.— 48-4 
Tab. VI.— 48-4 

Tab. III.— 28*5 


Tab. III.— 1* 
Tab. III.— 1- 
Tab. HI.— 1- 
Tab. III.— 1 

1- 28-5 


Tab. III.— 40- (tr.) 28 5 

Tab. III.— 35-5 23- 

Tab. HI.— 27-5 2S o 
Tab. 111.— 1- 24* 28 ') 

Tab. III.— 27-0 P 28-5 
Tab. III.— 1*24 28*5 

Tab. VI.— 48-4 


Tab. VL — 18*4 
Tub. VJ. — 48*4 
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The two following chapters are in the form of a dia- 
logue between the upholders of the old and now systems 
of anhydrous analysis. This form is adopted because 
it is hoped tliat an impartial comparison between the 
merits of the two systems will tlius be presented to the 
candid student in the manner best impressing on his 
attention, dry, but necessary details ; while the most 
interesting and novel facts are thus enabled to be 
strongly marked and highly coloured. 



CHAPTER X. 

INKER CALClUM-PYROBOliATE BALLS* ^'CHEMICAL 
water:' etc. 

Allow me now, tlie whole jr liminary way to our 
work having been cleared, to introduce to the reader 
my three typical students, Messrs. A., B., and C., who 
shall represent respectively English, and Freiberg, <>i 
New Jersey students. 

Mr. A. is the type of my model students : shar[>, 
attentive, judici<jus, diligent, and careful — A-1 at tiu- 
pyrological Lloyd’s, in fact. B. is a very good e:^- 
ample in the way of students also, patient and hani- 
working, but rather dull. Herr (or Mr.) C. is 
either a Freiberg Professor who speaks English and 
German with ecpial fluency, or a New Jersey American 
lately from Freiberg (soon proves to be the latter) 
Some people even say he has been specially deputi d 
from cither or both of those places in order to see if 
there is anything in these new methods.” At all events, 
he is a man of excellent talents, and a splendid mani- 
pulator with the mouth-blower, but “ wedded ” to tlu' 
old, time-honoured S 3 "stem of analj^sis — borax, charcoal, 

* A p.'un'r OTi this suhjoct, (h'diTiod hy 8i*ction “B” of tlio Briri>i'. 
Association at Swansea, in 18S0, was translated into (tcrnian and ro.id 
a tortnij::ht latiT at Dantzic, hidore the Ch;rinan Association, hy Tri - 
h'SHor (iilbcrt Wilder, of Chicago, who prucun d tlic paper from no 
for the purpose. 
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outer flames,” &c. — which I have permitted him to 
solely employ here, on condition he uses none of the 
fluid, violent acids, which certainly form no part of 
Blowpipe manipulation. The students are seated at 
three well- separated tables, so that they cannot see each 
other’s work ; A. and B. have the apparatus and re- 
agents, &c., around them, described in previous chapters, 
and C. has a complete and beautiful set of Plattner’s 
apparatus made by Lingke, of Freiberg (jarring the 
bottles of acids, which have been removed), with a copy 
of Professor Cornwall’s lately-published book, ‘‘ Blow- 
pipe. Analysis and Determinative Mineralogy.” ‘‘ Gen- 
tlemen ” (I sa}^ by way of prefatory address) ‘‘ we shall, 
of course, commence with the easiest subjects ; and the 
only further obserx’ation I have to make is, that I have 
placed that clock full in sight of all, to remind you that 
rapidity in Blowpii^c Analysis is of almost equal im- 
portance with correctness Exami*le 1. — White, 
OPAQUE, AMORPHOUS FRAGMENTS (evidently of some 
mineral). All three tried the hardness with a penknife 
point, in spite (or contempt) of “ Moh’s Scale of Hard- 
ness,” w’hich is as follows, — 

2. Hock Siilt or Gypsnm 'will scratch Talc. 1. 

3. Culcite 'will Bcrat(-h Gypsum. 

4. Fluor-sj)ar 'will scratch Calcite. 

6. Apatite will scratch Fluor-sjuir. 

C. Orthoclfisc will scratch A]>atite. 

7. Quartz will scratch OrtluK-lase. 

8. To})az will scratch Quartz. 

9. Corundum will scratch Topaz. 

10. Diamond will scratch Corundum. 

and is far more correct than the trial with a pen- 
knife, the point of which is turned b}^ the first 
harder mineral it is drawn across. A. brought his 
work (boric and phosphoric acid beads) up in ten 
minutes ; B. in about twenty ; and C. did not come 
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at all, but said ‘‘be thought he could guess what 
the mineral was, though he could not prove it without 
HCl (hydrochloric acid), ammonia, and ammonium car- 
bonate.’^ A.'s notes were as follow : — “ 1. Powder in 
boric acid O.P. ; about half, opaque white fragments, 
evolving grey opaline matter into the bead on continued 
O.P. ; about five-elevenths — or the right side of square 
11, Fig. 113 ; transparent balls, slightly opaline hot, 
transparent pale green cold, and evolving grey opaline 
matter {combined water) into thebead in continued O.P., in 
consequence of inner transparent balls (Fig. 117), looking 
like surface crystals on the balls through a weak lens. 
(About half silica ; no alumina; about 45 percent, lime, 
with calcium silicate — the inner balls — and traces of 
magnesia and iron protoxide) ; one or two minute, brown, 
transparent balls, colourless, after H.P., (trace of man- 
ganese). 2. Powder in pink P. acid P.P., about half 
undissolved (about half silica; consequently no alumina, 
because all undissolved fragments in (1) are also un- 
dissolved here); bead remains pink (no alkali or alumina). 
3. Presence of lime confirmed by E.P., on a candle p 3 U'o- 
cone — see Table II. — when there was a strong red- 
orange ‘mantle’ (lime)\ also b}^ cobalt solution, a^'ler 
O.P., which turns a fragment blue.” “ I therefore 
consider ” (A. appended to his notes) “ that this mineral 
is ordinary calcium-silicate, or Wollastonite.'^^ 

P.’s notes were rather confused. He, too, concluded 
the mineral to be calcium-silicate, but said “ he thought, 
from the opacity of the bead, there must be alumina 
present.” He “ had not tried the powder in pink P. 
acid ” — which would have confirmed the absence of 
alumina. 

Mr. C. stated, “ The fusibility B.B. of this mineral 
is from 1 to 5 — certainly not over 5 ; it fuses to a semi- 
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transparent glass, with a slightly orange flame (trace of 
sodium). It may be Pecfolite, Analcite, ApophylVite 
(although scarcely suffl(‘ient intumescence in fusion for 
that), Wolhtstomic, Mc'iomte, MeliVite, Caverimte, Bar- 
,s07vite, &c.” (1. b, CoriiwaH’s “Determinative Minera- 
logy,” New York, 1882.) “I should of course have 
distinguished these had you allowed the use of acids, by 
observing whether they gelatinised perfectly or imper- 
fectly with IKd. 

“ Answer,” written on the blackboard, was as 
follows : — 

Mineral (85, 105, 110, also in granite and lava), 
analysed by Wiehage (Dana’s “System 
of Mineralogy,” iSTT, p. 211). Silica (SiO..), 51*90, 
iron protoxide' (FeO) with manganese monoxide (INInO) 
0*90, magnesium oxide (MgO, magnesia) 0*65, calcium 
oxide (Cat), lime) 40*41 = total 99.95. N.D. — In future, 
chemical formuke alone of mineral constituents will be 
given. An alphabetical explanatory list of the more 
important chemical combinations is appended. 

Mr. C. — “ I should like to see how your razor-like 
follower here (A.) got that ‘red-orange’ flame? I 
tried the mineral for that, and couldn’t get anything 
more tlian orange without the red.” 

“ Simply by touching one side of the candle-wick 
with the fresh Ij^-calcined mineral, held in pt. forceps 
wJrilst the blue blowpipe pj^rocone (or ‘ flame ’ as you 
call it) is being produced — thus.” 

C. (surpidsed). — “Well, now, I call that an improve- 
ment ; I sljall send a note of that to The States, sir.” 
(To A.) “ I see, sir, from your notes, that you find 
‘combined water’ in WoUastonite ; now all mineralo- 
gists maintain — and I maintain — that it ‘ yields little or 
no water.’ ” (Cornwall, p. 284). 
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“ Allow me, Mr. C.” (said I), “ to explain this matter 
instead of my pupil, and to add that it affords me a 
pleasure and gratification I can scarcely expi’oss in words 
to have the opportunity of so explaining this most 
interesting and novel fact to a pyrological chemist of 
your ability and candour. You see here 1 have got a 
blowpipe assay balance in glass and mahogany frame (a 
very good though a small one, wliich obtained a prize 
at a German scientific exhibition, made by Kcumannj, 
who preceded Lingke, and 
from whom I piircliased it, at 
Freiberg, in 1807), and a 
binocular microscope. Well, 
now, follow me while I cal- 
cine B.13., a piece of this clean 
eggshell till it glows wliite- 
hot, crush it to fine powder 
between agates, and apply ])re- 
cisely 5 mgrs. (milligrammes) 
of it very carefully to this bead 
of pure boric acid, B.B. ; the 
result, as you see, is a still 
perfectly transpai’cnt Jtead, 
containing several equally 
transparent and colourless CalciumS^rate IJulls. 
haJls^ (Fig. 110), which after 

a few more seconds’ treatment before the blowpipe, 
coalesce into one ball. Throwing the bead and con- 
tained ball, with its wire ring, into this capsule of boil- 
ing water (H, Fig. 21), in a few seconds I obtain the 
ball jyer se, and weighing it in my balance, find it is 
exactly /b?ir times the weight of the fresldy calcined 
lime powder used to make it — viz. 20 mgrs. I have 
done this numberless times with the same result. Y^ou 
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will, therefore, readily admit the fact that anhydrous 
calcium-pyroborate consists of 25 parts of caustic lime 
and 75 parts of pure boric acid. 

“ Watch me closely, now, while I calcine and crush 
some more eggshell, hydrate it with a few drops of 
distilled water until all steam has stopped ; very gently 
dry the hydrate on warm A1 plate till the superfluous 
water is evaporated and no more ; weigh 5 mgrs. of it 
and apifly the same, IhB., to another bead of pure boric 
acid. Mark the difierence ! The head is no longer 
transparent as before, but almost opaque with grey 
opaline matter, evidently obtained from the calcium 
hydrate (slaked and dried lime). But on boiling this 
opaque bead in the capsule II. you see I still obtain a 
perfectly colourless, transparent hall from its interior, 
which, however, as you see, only weighs 15 mgrs., or 
exactly three trmes the weight of the calcium hydrate 
taken to make it.^’ 


Calcium hydrate corniJosition calculated ) n t n tt « 

ir..m th,«o results is J CaO ,5-0 II , 0 

Caicitim hydrate composition calculated ) 

from chemical equivalents is j /o 7 HaU 3 


C. “ Tliis seems important ; allow me to make a 
note of it.^' 

‘‘Certainly, sir, if you wish it.” C. — “Uave you 
observed, sir, by the two formula obtained from your 
results — CaO 25*0 BiiOa 75*0 (calcium borate) a?id CaO 
75*0 IlaO 25*0 (calcium hydrate), that the ‘chemical 
water,^ as you call it, has only one-third the combining 
power of boric anhydride — i.e. that three times as 
much of boron trioxide as of the former can combine 
with lime ; therefore, if you take the combining weight 
of oxygen as 16 and of hydrogen as 1, you will have 
16 X 4 = 64 (the nearest multiple to 75--3H or 72), 
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or O4 and 11 IT (say 12 H for an equal multiple), 
that is, II13O4, or, in simplest form, H3O as the 
symbol ? 

Yes, sir, I did remark this apparent confirmation 
of these results ; but I took the old weight of oxygen, 
8, as my basis (that being more convenient), which 
makes the formula of ‘ chemical water ’ II3O9, or, in 
simplest form, HO3. 

“You will now be perhaps unwilling to deny that 
this ‘ grey opaline matter,’ communicated to anhydrous 
boric acid 13. B. by hydrated lime, and not by freshly 
calcined lime, is due to combined or ‘ chemical ’ 
water ; and you would also, I presume, be not indis- 
posed to analogically admit that similar ‘ grey opaline 
matter,’ communicated B.B. to anhydrous boric acid by 
other mineral substances than lime, is probably also 
due to combined water ; more especially if, with the 
opaline boric-acid bead thus produced, you can re~ 
hydrate fresldy calcined lime, so as to make it then 
afford an opaque bead before the blowpipe ? ” 

C. — “ Certainl3^” 

“ Mark me then, while I treat 5 mgrs. of this pure 
silica from Gdrlitz ; or, if you prefer it, I will take 
pure crushed ‘ rock-crj^stal ’ — the ‘ glass ’ of one of 
your spectacles, for instance.” 

C. — “No, thank ye, sir; the Gorlitz silica will suit 
me exactly.” 

Well, as you see, the prolonged treatment of this 
weighed silica in a bead of pure boric acid in the hottest 
' flame ’ (as you call it) of the hot-gas lamp with foot 
blower (Fig. 21) has not the slightest effect upon the 
contained silica, or on the transjiarency of the con- 
taining bead. If necessary, I could boil out this silica 
from the bead, and re-weigh it to prove the fact (as I 
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have often done before), but }’ou may take my word 
for it. 

I now add to this silicious bead B.B., the anhydrous 
calcium-borate bull we extracted from the boric-acid bead 
in our first experiment, and I’ound to weigh 20 mgrs. 

“ See I ‘ Grey o]>alinc matter ’ immediately begins to 
be evolved /'rom t/ic silica (for we before found this 
anhydrous calcium-borate ball to float quite transparently 

in its containing bead, Fig. 116, 
and, therefore', it can commu- 
nicate no opaline matter what- 
ever to the latter), until the 
bead becomes all but oj)iique ; 
precisely as A.^s Wollastonite 
bead was opaque. I now boil 
out the silica, dr^q and weigh 
it. You see it only weighs 
3 mgrs. now, wliilst the weight 
of the calcium-borate ball is 
still exactly 20 mgrs. Re- 
peating this process, I thus 
obtain another B acid bead, 
but not nearly so opaque, 
FiL'-. 117.— Inner norate-Halls f^om this silica, which, ex- 
lormed Silica. tract ed as before, now only 

weighs 2 mgrs. Thus, more than half oi this pure silica 
consists of some hydrogen and oxygen compound, which 
we have here called ‘ combined water.’ But this is 
not all. I now take the 20 mgrs. calciumi-borate ball 
carefully upon a small hook of tliin red-hot platinum 
wire, J such as this, and fuse or dissolve in 

it by O.P. (your O.F.) a very small portion of pure 
silica powder, so that it is now silicious calcium-borate. 
I then run it while red-hot down the shank of the 
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wire, straighten the book, and tlius easily run the red- 
hot ball back again, completely oft* the wire, upon a 
clean aluminium tray — thus. 1 now note the weight 
of the silicious ball, crush it with forceps, apply the 
powder to a fresh bead of pure boric acid, 13. B., flatten 
the hot bead on A1 plate, and place it with its contents 
under the 5 -in. objective of this microscope. You will 
observe that, barring the fragments of free silica, this 
bead is precisely similar to the WoUastonite bead of Mr. 
A. (Fig. 117), or, in fact, calcium silicate without free 
silica. I now boil the silicious CaB.t >4 out of the bead, 
dry, and weigh it again. C)bserve that, in spite of the 
opaline matter evolved, it is considerably heavier than 
before ! Considerations as to the apparent cause of the 
singular formation of these inner balls of silicious 
calcium-borate must be reserved for another chapter. 

Table XIV. — More Important Basic Oxides, &.C., 
Formulae, with their Combining Weights. 

(Compiled from MillerV “ Chemical Physics.") 


Alo Clfi = 

2G7 

7 

Cr 0 

— 

68 

Al , (h z=z 

103 


Or, (>3 

— 

1.53 

A^C\ = 

143 

5 

Cu Cl, 

— 

134 

Ai- . 0 — 

23-2 


Cu 0 


70 

Au Cl:^ = 

232 

1 

Ca, 0 

— 

143 

All- — 

•111 

•1 

-Fe, Clr 

— 

2G0 

lia Cl, = 

207 

S 

Fe 0 

— 

72 

P.a 0 = 

l;i3 


Ft-, (>5 

— 

IG'J 

Pi Cl;^ 

31G 

8 

Fc S 


SS 

Pi, Oa =: 

4G4 


Hfr Cl, 

= 

271 

Ca Cl, = 

111 

2 

Ihj; 0 


21G 

CaO = 

oG 


0 

— 

18 

Cd CI 2 = 

183 

2 

III-, 0 


416 

Cd 0 = 

128 


K 11 0 

z= 

56 

CH 4 = 

10 


K- 0 

= 

04 

CO, = 

41 


Lo 0 

ZZI 

30 

Co Cl, = 

121 ) 

8 

l/C'l 

1 = 

78 

Co 0 = 

74 


M- CI 3 

zzz 

05 

Co, O 3 = 

U\o 

■G 

IM O’ 0 

~ 

40 

Cr, Cle = 

318 


JMn Cl, 

= 

12G 
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Mn O 

— 

71- 

Sn O 2 = 150* 

Mn O 2 


87* 

SO4 Hi = 98* 

lSIn 2 O 3 

— 

158* 

S 02 = 64* 

Na Cl 

— 

58-5 

Sr CI 2 = 158-2 

Nas 0 

— 

62* 

Sr 0 = 103-5 

Ka 2 llO— 

40- 

Tao O 5 = 355* 

Ni 0 

— 

7 - 1 -8 

TI 2 0 = 424- 

Kij O 3 

— 

165 6 

Ta Fs = 232-5 

Ki Cl. 

— 

129-8 

Ti O 2 = 82-3 

I’t C) 

— 

223- 

T1 Cl = 239.5 

Pb CI 2 

— 

278* 

IT 2 O 3 288* 

I't 0 

— 

213-4 

Ti CI 4 = 192-3 

Pt CI4 

— 

339-1 

V Cls = 350-1 

Pt C). 


229-4 

V O 3 = 185-1 

Sb Ch 

— 

22'<-5 

WO 3 = 232- 

Sb2 O;, 

— 

292* 

Zn 0 = 81* 

Sbo O 5 

— 

324* 

Zn CI 2 = 136* 

S H 2 


34- 

Zr O 2 =121-5 

JSn CI4 

— 

2()()* 

Zr F 4 = 165- 

Sn 0 

=; 

134* 



Examples of the way to use the above Table, with 
the Atomic Weights quoted in Table III. (Valentin). 

How much Copj)or Monoxide can I obtain by the oxida- 
tion (?/ 100 gn, of Copper ? 


63-5 

. 79-5 

:: 100 

At. Wt. 

Wt. of Mole- 

Grs. of 

of Copper. 

cule of Cu 0. 

Cu 

63-5) 79500 (125 196 grs. 

of CuO 

635 



1600 



1270 




3300 

3175 

1250 

635 

6150 

5715 


4350 

3810 
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How much Copper when 100 grs. Cu O are reduced in 
a current of hydrogen ? 

79*5 : 63-6 : : 100 

Wt. of Mole- At. Wt. 
cule of Cu O. of Copper. 

795 ) 63500 (79 874 
6565 

7850 

7155 

6950 

6360 

6900 

5565 

3350 

3180 


Distillation of Water in the Field. 

A rough but effective mode of obtaining sufficient 
distilled water to fill the dropping bottles (Figs. 69, 
70) is as follows : — 

Have an extra lid to your saucepan, and keep it 
clean, reserved for this purpose, marked ‘‘A.'' lloil 
the purest obtainable water in the well- cleaned sauce- 
pan, and, when boiling has begun, cover it with A 
having a towel wet with cold water fastened on it. 
In a few seconds the inside of ‘‘ A” will be covered with 
drops of condensed water, which are to be poured 
(through a funnel) into h. Fig. 70. A repetition of 
this process will soon fill the bottle. 



CHAPTEH XI. 

RATIOXALB OF OUTER AKI> IXXER BALL FORMATIOX 
—SODIUM AND XOX- SODIUM YELLOW FLAMES.— 
CAUSE OF THE COLOUR OF SAITHIRE, EMERALD, 
AMETHYST, ETC. 

C. — “Before proceeding, would you kindly say if it 
is necessary to crush the silicious calcium -borate ball 
•before adding it B.B. to the boric acid, in order to 
produce the inner balls ? 

“ Certainly not. You can applj^ the weighed silicious 
ball, just as it is, to fresh B. acid, B.B., and almost 
immediately obtain the inner balls/' 

C. — But how do you explain the formation of these 
* inner balls ’ communicated to calcium pyroborate by 
silica ; and, indeed, that of the outer balls also P '' 

“ The small sphericlcs or balls Ibrraed within a bead 
by the application B.B. of lime and about twelve other 
oxides to boric acid, are evidently due to the respective 
cohesion of two liquids — liquid, of course, only when in 
a state of fusion B.B. — which do not dissolve each other 
(although that is not the opinion of some chemists), 
but possess nearly the same specific gravity ; just 
as this oil, poured into diluted alcohol, remains 
suspended within it in the forms of perfectly spherical 
masses. The two liquids in the case of lime applied 
B.B. to boric acid, are the latter (containing), and 
calcium borate (contained). The boric acid coheres 
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to as near a sphere as the platinum -wire ring to which 
it clings will allow, and hence the advisability of making 
the ring as nearly round as possible. The calcium 
borate coheres to as many perfect sphericles inside the 
bead as there are fragments of lime applied ; and these 
sphericles are immediately resolved into one by O.P. 
applied to the containing bead. It is usually supposed 
that the two liquids, in an experiment with fluids, raust 
be of ‘ the same specific gravity.’ (‘ ^liller’s 

Chemical Physics,’ page G5), but that is not necessaiy ; 
for, you see, here is a sphcricle of pure gold floating in 
the boric acid bead B.13. in exactly the same manner 
as the calcium borate sphericles float."' 

C. — ‘‘ This is quite clear ; and, as you have shown 
the contained spheroidal borates to consist of materials 
in (lefiaite 'proportion to each other — both interesting 
and important to my mind ; but I do not yet see why 
or how calcium Hl/lcate forms inner balls in calcium 
borate B.B. Why does not the lime of the former 
combine with or rather join the lime of the latter, and 
dissolve the silica transparently in the ball, as you 
showed us it did wlieii the ball was held per sc on a 
platinum- wire hook B.B. ? ‘‘ Your observation shows 
that you are following me closely, and this is ])recisely 
the difficulty as regards the nature of these inner balls 
which occurred to myself- In the absence of a men- 
struum (at present) for dissolving the outer, and thus 
obtaining for examination the inner balls per sc, which 
will no doubt one day be found (Prof. G. G. Stokes, 
Sec. Boy al Society, recommends me to ivy acetic avid, 
which 1 intend doing), I attempted to come to some 
definite conclusion regarding their nature by a process 
of ratiocination, and argued thus: “ If," said I to my- 
self, “ these inner balls arc silico-borate of calcium, ball 
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will be formed, when pure silica is applied to^the cal- 
cium borate, held by itself on a platinum wire, without 
the containing bead of boric acid B.B. ; and this we 
have seen is nni the case. If, on the contrary, fresh 
boric acid derived from the outer containing bead is 
absolutely necessary for their formation, the presumption 
must be that calcium borate cannot be decomposed 
either by separate or dissolved silica, in boric acid, B.B. ; 
or, in other words, that the calcium borate will not give 
up any part of its proportion of boric acid to the calcium 
silicate in order to form inner balls, or any part of its 
lime to combine with the silica ; and that the originally 
added silica, therefore, is simply dissolved in the ball 
per se, and changed in its nature through the abstrac- 
tion of its ‘ chemical water ’ by the action of calcium 
borate at this high temperature upon it. The silica 
then gradually becomes, as it loses this water, in a 
manner, itself ^ caustic/ and capable of forming, at high 
temperature, a fusible compound with boric acid, which 
compound follows the law of cohesion of liquids while 
fluid and undissolved in the calcium borate ; just as you 
see this speck of hard marble, when applied B.B. to a 
boric acid bead, at first appears (like silica) as an un- 
acted-upon w^hite opaque fragment ; but shortly losing 
its CO 2 and ^chemical water' (which latter immediately 
shows itself as grey opalescence in the bead), it forms a 
fusible compound, and appears as a transparent ball of 
calcium borate (Fig. 116), instead of a white opaque 
fragment of calcium carbonate in the bead." 

C. — But, do you mean to say you think you 
have, in the formation of these inner balls, formed 
a new substance, hitherto unknown to chemists — z.6?., 
silicon borate?** “Most certainly. If you do not 
conclude it to be that from the full consideration of 
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these experiments and results, will you kindly afford a 
clue to any other explanation of the phenomena? I 
consider that not onl}^ one new substance (silicon borate) 
has been here proved to exist, but that another sub- 
stance (pure silica, or ^ rock crystal/) — although not 
‘ new ' to chemists in one sense, has been hitherto 
partially misunderstood by them as to its nature (it 
being in reality a /ff/drate), in consequence of their 
solely employing, in its analysis, hydrated acids."* 
C. — What do you mean by that last expression ? "* 
“ I will make you explain it to yourself. You have 
seen, be 3 ^ond all doubt, that what I have termed ‘ che- 
mical water * causes the evolution of grey opalescent 
matter in boric acid B.B. ? ’* C. — “ Certainly, I am 
quite assured of that fact.** “Well, now, will you be 
so good as to fuse a bead of this pure boric acid upon 
this ring of new, clean platinum wire ? You observe 
that, when cool, it is as transparent, colourless, and 
refractive as the ‘ rock crystal * of your spectacles itself. 
Now, dip that bead, in a state of red-heat, into this 
beaker of distilled water, and heat the bead again B.B. 
What do you observe in it?** C. — “Nothing; the 
bead is lessened in bulk, in consequence of the bursting 
of the innumerable bubbles of steam formed, but it is 
now as transparent and refractive as before.*' “ Now, 
mark ! Ipour just a little sul])huric, or nitric, or hydro- 
chloric acid into the beaker of distilled water, and stir 
it well round with this perfectly clean glass rod. I>e 
80 good as to dip your red-hot bead again into this 
acidulated water, and, after heating B.B., and cooling, 
tell me the result? ** C. — “ The result is, faint streaks 
of grey, opalescent matter,- which, on further heating 
and cooling, render the 7vhole bead slightly opaline^ and 
I see now what you mean by the expression ‘ hydrated 
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acids.' It seems to mo, therefore (adopting your views, 
which I don't say I wholly do 3"et), that if we treat 
calcium borate (or the anhydrous contained ball) sepa- 
rately with silica in a boric acid bead B.B., the com- 
bined lime, o)ily (hiring th(‘ rontinuance of high tempi'ra- 
tnri\ has an attraction for tlie supposed ^ water ' of the 
silica, and extracts it, itself becoming ligdro-hnY^to. of 
calcium only during the period oj hi(jh temperature, giving 
up the thus-obtained ‘chemical water ' on cooling, to 
the surrounding boric-acid bead, wliere it (the cbemi' 
cal water) floats undissolved as a finely-divided preci- 
pitate on becoming cold (for I see the whole bead is 
perfectly transparent wdiilst hot), which you call ‘ grey 
opalescent matter,' but wdiicb I should certainly call 

^ hydrated boric acid* " “ My dear sir " — “ Stop a 

bit ; I haven't done yet. If we admit all this, it seems 
to me to follow that if you dissolve ‘ hydrated ' (or 
ordinary) silica in calcium borate held 2)cr sc on a pla- 
tinum book and then treat the silicious ball in a boric 
acid bead B.lk, tlie lime of the ball, caustic in spite of 
its combination with boric acid at high temper (dure, and 
then only capable of forming the double combination 
with this water and boric acid wdiicb I will call ‘ Cal- 
cium bydroborate ' (only existing at high temperatures) 
extracts the w^ater, as in the other case, from the silica; 
although in this case, the silica, being contained within 
the ball, cannot escape into the hiad, but there, i.e, 
within the ball, forms the fusible compound with boric 
acid obtained througli the ball from the outer bead of 
which you speak, and, assuming the spherical shape 
whilst fused and liquid, in obedience to the law of 
cohesion, appears, finally, as ‘inner balls of silicon 
borate,' when, of course, the containing ball would be 
much heavier, in spite of the opaline matter it evolved. 
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Is this what you mean ? ” “ My dear sir, you have 

expressed my meaning more clearly than I could 
myself.*' C. — ‘‘Well now, will you kindly explain, if 
your conclusion is correct, how it is that the silica, 
dehydrated (and thus rendered capable, according to 
3 ^our account, of forming ‘ sili(*on borate*) by the cal- 
cium borate ball treated separately with it B.B. in a 
boric-acid bead, does not then form ‘ silicon borate * 
i^vpnratvhj in the head ? ** 

“For two reasons: 1st, because the boric acid, with 
which the inner anhj^drous silica combines, is derived 
from the containing ball, where it must be (dmlntehj 
a}}hydrouH ; the ball meanwhile supplying its loss with 
boric acid from the containing bead in exchange for the 
water derived from the silica, so that a round of ehe)n 't~ 
cal exchange goes on. 2nd, because, X)erhaps, the two 
fusion-fluids, ‘silicon borate* and calcium borate, are 
suitable for exhibiting the phenomenon of floating 
spheres (as oil and dilute alcohol are suitable) ; and 
the two fusion-fluids, ‘silicon borate’ and boric acid are 
not suitable (as alcohol and water are not suitable).” 

C. — “Well, there is no doubt the inner balls do exist 
(and must be accounted for somehow), for I have just 
broken a calcium borate ball containing them in half, 
and placed it under the microscope ; and here they are, 
sticking out of the broken side of the hemisphere. Is 
silica the only substance which, thus applied, forms 
inner balls in calcium borate ? ” “ Oh dear no : zir- 

conia, glucina, alumina, tungstic and molybdic acid. 
In fact, so far as I yet know, all ‘ earths ’ a)id non- vola- 
tile oxides, u'hich do not themselves form halls in boric acid 
B.B., form these inner balls. The sublimate of anti- 
mony forms balls in calcium borate se B.B. with the 
evolution of ‘chemical water.’ But the inner balls 
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formed by some oxides, as tungstic acid, crystallise under 
continued O.P., and these cr 5 ^stal 8 constantly exhibit the 
mme form which, as you know, is quite the contrary 
with borax crystals B.B.” C. — Again, this seems to 
me a matter of some importance.” ‘‘ You stated just 
now, that I ought to call that fine precipitate, which 
appears as grey opalescence in the clear B. acid bead, 
hydrated boric acid. Would j^ou suppose, now, that boric 
acid thus ‘ hydrated * should have changed any of its 
properties ? ” C. — “ Certainly I would ; and, indeed, 
I was just going to remark that your boric acid beads, 
opaque with grey opalescent matter, seem to difier in 
no respect (except opalescence) from the transparent 
beads.” ‘^What substance, then, would you call this?” 
(tailing some white jmrder out of a botth\ and heating it on 
a platinum s 2 )atuJa under C*s nose). C. — ‘‘ Resin, or 
some related liydrocarbon.” “ This, sir,” {fasi7}g the 
poH'der B.B. 0 }i a pt. wire ring)^ as you sec, is ojiaque, 
or hydrated boric acid, which apparently acquired that 
peculiar smell of resin by simple exposure to the air, in 
about a year after it was hydrated in the Royal Artillery 
Institution J^aboratory, Woolwich, in 1873.” C. (re- 
ftecticely) — “Are j^ou quite certain of this? The resin- 
ous smell on ignition is unmistakable ; and yet there 
was certainly no inflammation, as would be the case in 
thus heating resin. Was this boric acid hydrated with 
* water ^ from silica?” “No, but you see, it also re- 
hydrates calcined lime.” (Calcining to nhite heat in 
O.P. of the hot- gas lamp a fragjnent of 2 )u re marble, larger 
than the opaque bead, upon the latter. The glowing lime 
slowly clarifies the head, and, ichen afterwards separated 

• The New York scientific Joum?il caUod Heience^ ooni'n'ned, in 1880, 
a wood eii^ravieg of a mi(‘roHc.o]»ic crystal of Tungstcn-boiato, 
published with the paper alluded to above. 
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from the head, crushed, and applied to fresh pure B. acid 
B,B., evokes grey opalescent matter into the transjxirent 
head,) “ Follow me in tins experiment, and I will show 
you how this B. acid was hydrated. When I thus make 
a paste of calcium hydrate and dry it as a large opaque 
bead in gentle P.P. on this pt. wire ring ; bend the long 
wire double, and fuse a bead of pure boric acid upon a 
similar ring made at the other end of the wire, holding 
the two beads at the bend of the wire in the forceps 
so that the ‘ flame ’ of the hot-gas lamp, directed upon 
the Ca hydnite, plays aflenrards upon the B. acid 
(Fig. 44), what is it that caus(‘s this gradual opales- 
cence in the transparent, colourless boric acid ? C. — 
“Why, the ‘chemical water’ of the calcium hydrate; 
I quite understand that now ; there is really no necessity 
to go through all this again^ “ Fxcuse me, sir, that is 
not my object ; but do j^ou observe this yellow flame 
emitied from the calcium hydrate while it is slowly 
calcining in O.P., and evidently causing the opalescence 
in the boric acid, by impinging steadily upon the bead, 
until the hydrate is perfectly calcined and begins to 
glow white-hot ? What is that ? ” C. — “ What is 
that yellow flame ? Why, sodium, of course ! ” “ Ob- 

serve me now, and I will prove to you that it is not 
sodium. Taking the lime-bead oflf the first ring, I sub- 
stitute for it a bead of sodium carbonate, and thus, 
allowing its induhilahle yellow sodium flame to impinge 
upon the bead of opalescent boric acid ; what is the 
result ? ” 0. — “ The opalesecnce removed I The same cause 
producing opposite eflects — a reduetio ad ahsurdum — 
against Euclid — no, this won’t do at all. I admit, sir, 
that the frst yellow flame cannot possibly be due to 
sodium,*^ “ To wFat, then, do you suppose it to be 
due?” C. {considering) — “Well, the yellow flame, 
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which rendered the boric acid opalescent, certainly 
ceased rt'.y .sooff as the calcium hydrate was calcined, 
leaving anhydrous lime beliind ; this hydrate I have 
seen to similarly opah'sce boric acid, leaving (as was 
]n-oved by the assay balance) anhydrous calcium borate 
beliind. — Sir, I see no other conclusion excejit that the 
///•v/ yellow dame is caused by the ujaUion of this ‘che- 
mical water,’ as you call it.” “ That has been my 
conviction for twelve years; but you are the first man 
of science I could get to listen, patiently and intelli- 
gently, to my proofs. Some declared they could not un- 
derstand such simple evidence. Others (very unphilo- 
sophically, I think), laughed at mo and my proofs, and 
said I was setting the Thames on fire, c^c., t^c. But I 
will now show you liow 1 hydrated this boric acid with 
tlie resinous smell on ignition. Taking the bent pla- 
tinum wire again (Fig. 44), I insert in the ring next 
the O.B. this little roll of new clean platinum foil, 
simply to have a considerable quantity, or hulh, of 
])lat ilium in contact wdth the blowpipe ‘ tiame,’ as it 
then cannot be heated beyond redness, and will con- 
sequently, coniinaousli/ emit a yellow flame; this yellow 
dame also, as you see, renders this fresh bead of pure 
boric acid opalescent, probably, because rerZ-hot plati- 
num being known to decomiiose water (Grove. Corr. 
Bhys. Forces, p. 81), this hydrogen comjiound is thus 
eliminated from atmospheric moisture, and attracted 
by the hot boric acid. 

“ Well, before I discovered this fact, I fused about four 
ounces of pure, crystallised boric acid in a clean open 
platinum dish at a table-blowpipe in the K.A. Institu- 
tion, Woolwich, with the result of dnding all my boric 
acid grey, opaque, and (as I thought) spoiled ! I do 
not mean to assert that ymu cannot fuse boric acid in 
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platininn without producing this result ; but I over- 
heated mine, keeping the platinum at a strong red heat 
for some two hours, and producing, therefore, an enor- 
mous amount of this yellou: flame, which filled the dish, 
playing upon the boric acid all the time it was being 
fused. I don’t remember it exhibiting this resinous 
smell on ignition at first, and imagine, therefore, that 
it was thus rendered capable of gradually absorbing 
more hydrogen (and, perhaps, carbon) from the air to 
which it was constantly exposed when the stopper of 
the bottle was left off. It is this boric acid which has 
the resinous smell on ignition. I will now sliow you 
another curious result of the supposed hydration of boric 
acid. You sec I have got here a stoppered bottle of 
grey mineral powder. It is pure crystallised WaveUite, 
lately discovered in the country of which you are so 
justly proud (The States), but baked I'or a fortnight 
in my kitchen oven (which you now know better than 
to suppose would eliminate the ‘chemical water,’ and 
which it, in fact, coueeutraieii), crushed, and put into this 
bottle. I purchased this IJ^avet/ite some years ago, 
from Henson in the Strand, because I knew it, as alu- 
minium hydraii d phosphate, to contain a large amount 
of ‘ chemical water,’ and was curious to see what the 
effect would be of dissolving its fine powder B.B. in my 
hydrated boric acid, by means of the cautious addition 
of i^otassium Jiydrate. You shall now do this yourself; 
but first I would ask you to test the Wandlite for iron or 
other possible metallic colouring oxide, with the borax 
you have there, as you do not believe in my re- 
agents.” 

C. — “ Do not say that, sir ; I begin now to see 
the drift of what you call your S3^stem, and believe in 
it; but I will now try this powder, as you suggest, 
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in borax B.I3. for the satisfaction of others, and I find 
the borax bead not even yellow hot ; so presume the 
])Owder to be so far free from metallic colouring oxides 
that at all events they cannot contribute any recog- 
nisable colour to a bead. Now, what shall I do?’' 
“ Fuse some of the resin -smelling boric acid B.B., to a 
bead on this platinum wire ring, and, taking up on the 
liot bead gradually some of this baked WdceUiic powder, 
with a mere trace of potassium hydrate to dissolve it, 
treat the mass with a powerful 11. 1\ (you know what 
that means now) from tlie ‘ hot-gas lamp.’ ” C. — 
“ AVhy, the bead turns a bright purple ! “ Now, dip 

the hot bead, first in the hydrated boric acid again, and 
then in the WareUHe powder, plus a trace of potassium 
hydrate, and continue the treatment with II.l’.” C. — 
‘'This is really curious. The bead is at first purple, 
then a beautiful sapphire-like Ukc, and quite trans- 
parent; then it becomes an equally brilliant emerald- 
like green” “ If you. wish it to remain blue, dip it in 
hydrated boric acid again.” C. — “ blue again. 

All these colours cannot possibly be duo to any metallic 
oxide : cobalt would give a blue bead, copper or chro- 
mium a green one, and manganese a purple one ; but 
no single oxide could produce all three colours. Did 
you not communicate this matter to your Itoyal So- 
ciety? ” “ Yes, but the secretary sent me the materials 

back again, with a -note to the effect that he had 
not time to try them as suggested, but believed the 
colours of gems, &c., to be due to minute portions of 
metallic oxides. I then forwarded the packets to Herr 
Professor Bruno Kerl, of the Imperial Mining Aca- 
demy, Berlin, whose chemist (IIerr Pufahl) clld try 
them in the laboratory there, and published a leading 
article on the subject in the Berg und Huttcnmdnnische 
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Zeitiing for 1st December, 1882, headed ‘ Tiber die 
Ursache der Blanfdrhiimj von Baplury &c/’ 

But time and space alike compel me to hasten to a 
conclusion. (To B). — “ You stated ‘that you thought, 
from the opacity of the bead, there must be alumina in 
Wolladonitv.^ Powder this greyish white, compact, 
amorphous mineral fragment (of which the only blow- 
pipe analysis given by Cornwall, Dana, and others, is 
that ‘it fuses with intumescence B.B., to a light- 
coloured mass,’ like a hundred other things) ; treat it in 
B. acid O.P., and compare the bead it produces with 
that produced by WoUmtonite (Fig. 117).” C. — “Why, 
instead of the balls, inner balls, and fragments of silica, we 
have here a beautiful bead of 2^1 re ojxuine j etc ell 

enamell “ Something like that, no doubt, but this elfect 
is produced by ahtuiina, which, attempting to Ibrm 
inner balls tliat probably burst before they can excliange 
their chemical wati'r for boric acid, dt eoiHposet^ tlie cal- 
cium-borate balls, and spreads the lime, exactly like 
‘lime-milk,’ over tlic whole bead ; and this is why, in 
Table YI., you will find the most characteristic re- 
actions of both these oxides (lime and alumina) given, 
as causing the mutual evolution of ‘ copious milky 
matter;’ but the student must remember that the 
quantlitj of icai added must be exactly proportional to 
the quantity of teniee (as a lawyer would call it) ; that 
is, if tlierc is only very little alumina jB’eseiit. in the 
mineral, only a trace of lime must be added to the bead, 
and vice verm. This mineral is (218, 222, and in granite, 
&c.) Zoisife, or calcium silicate tcith alumina. You see, 
by fusing another fragment of the mineral on A1 plate 
in O.P., and treating the powder in this bead of phos- 
phoboric acid (Table VII., note), I obtain tlie lime in 
balls again (Fig. 110), because calcium phosphoborate 
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is thus formed, which cannot be decomposed by alumina 
in boric acid B.B.’’ 

I have now only time and space left for one more 
typical mineral. Grey, or brownish, or greenish frag- 
ments (shown in “ Cornwall,” p. 285, with about fifty 
otlicrs, as ‘^fusing quietly at d'5 wliich, powdered 
(for I have no time for preliminaries) and applied to 
B. acid O.P., fuses at bottom of the bead, and forms 
an ice-like mass, or jellj% in it afterwards. I see, by 
Table VI., column 4, No. 48, that this indicates 
an alhalinc aluminous silirafc, the alkali of which is 
confirmed by added CoO, giving a j)ink suffusion 
in O.P. (Tables III. and VI.), whilst the alkali is 
proved to be under 5 per cent, soda by the green 
p.c. of the B. acid not being completely yellowed 
(Table III.) According to Table VII., No. (>, I now 
treat powder of the fused fragment, boiled and dried, 
ill phosphoboric acid O.P., and find about four-fifths 
white, opaque, unattacked fragments (about four-fifths 
alumina or A1 silicate) ; about one-tenth transparent 
balls, clear hot, pale green cold (about one-tenth lime, 
containing iron protoxide : no magnesia) ; one or two 
brown -black, opaque balls, with rust-like matter (a very 
little iron). I now try the original powder in pink 
P. acid P.P., and obtain about four-sevenths trans- 
parent matter undissolved (about four- sevenths silica : 
consequently, about one-fourth alumina, which could 
have been confirmed by adding lime O.P. to the first 
bead^ and producing a ivhitc enamel) ; bead pinkish hluc 
(about 5 per cent, alkali). The mineral is a e()nstifute}it 
of some rocks, generally intrusive, Lahradoritc , — 
Analysis hy Klaproth (“ Dana,” p. 342) — 

SiOg 55-75 AlaOa 20*50 F 02 O 3 1-25 CaO 11-00 

NagO 4-00 n^O 0*5 = 99 0. 
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The foUowuKj iniereating facts should be rnodiomd 
here : — 

1. A freshly-fused, pure boric-acid bead was fixed 
OB platinum foil, first at the anode and then at the 
cathode of a powerful Grove battery, placed at my dis- 
posal for this purpose, by the kindness of Professor F. 
Guthrie, F.P.S. It was found to be a non-conductor 
of electricity, and no result followed. 

2. An anhydrous calcium-borate ball, previously as- 
certained to communicate no opalescence whatever, 
lhl>., to boric acid, was then placed (along with its 
containing bead) in connection with the battery anode 
without observable result. 

3. But on communicating the same bead (2), having 
the unchanged calcium-borate ball inside, with the 
cathode of this battery, the contained ball immediately 
began to develop greg opalescent matter into the trans- 
parent bead, unt il the latter became shortly quite opaque. 

To the careful student of the many proofs given in 
this work that this grey opalescent matter communi- 
cated to boric acid by calcium -borate, indicates the 
presence of so)ne compound of hifdrogoi, all commentary 
on these three facts is unnecessary. 



CHAPTER XII. 

FJRJ-IIiFnG QUALITATIVE EXAMPLES. 

The followiiin^ aceount (on tlic riglit-hand side) of 
these experiiiieiits was lent 1 o me in 1800, in his uni- 
versity note-book, by the late iMr. W. Hustler, of Rose- 
merrvn, Corinvall. He was the pupil of Phittner and 
Richter, at the Freiberg University. Had he lived, there 
can be no doubt he would have taken a place among the 
few Englishmen who have distinguished themselves in 
this field of research by the contribution of original 
matter to it. Through his knowledge of this science and 
of geology, he, quite by himself, discovered a valuable 
deposit of tin ore {CassitcTite, I believe), near Orense, in 
the north of Spain; and leasing the ground, worked some 
mines there profitably until his death in 187d. lie first 
taught me the use of the blowpipe in 1859, and I can 
never forget him. I have made no alteration whatever 
in his experiments, except in the symbolical expression 
of salts, which 1 have modernized. The letter “ B 
represents a glass “ bulb/’ or closed test-tube ; “ C ” 
charcoal. The unknown substances were given to stu- 
dents by Professor Richter. The left-hand columns 
consist of analyses on in 3 ^ system. 

N.B. — Th(; niiTnhf-rs alfovc ouch mineral refer to its geological posi- 
tion : vide TaLl(5 XI . 

1. Powder in li. Acid O.P. 1. A wliite crystalline powder. 

{a) Groat eHe‘rv(jsc,eii(-(^ wdth {ff) In i» givvs otf IGO, and 

choking smcdl {Citlorine or loses its crysiaLiino form. 

ELaoruii' i^iee (c). 
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(^) TraTiflparfini LhIIh fivolving 
opaline mutter by continued O.P. 

(c) With copper oxide added 
O.P. a blue pyrochrome {(Jhlo- 
rbiii). 

icl) Powder lieated with P. 
Arbi in GImsv Vuilh; glass not at- 
tacked ('//e Fluorine). 

N.B. — No S. rr-.action neces- 
sary. Substance could not be 
hoLh a Chloride and Sulphate. 


2. Powder in P. Acid O.P. 

(r/) Great cff’ervf'scfuicc without 
smell, gr('en p.c. unaltered (A'«/- 
phuric ^idd). 

{h) IMany white opiqiie balls, 
transpannit after long O.P. {May- 

7t.cifitan). 

{(■) Fragnient with soda, C slip, 
H.P. and on Ag. with II 2 O 
a black stain {SuIpJnir)'. bead, 
o])a(nie with grey opaline matterf 
{much coniblucd U'aicr). 

77, 98, 108. 

Jjjtsotu lt<\ 

A'Unh/Mis by S/.ro)tff’i/n \ — SO 3 
31-99, MgO lG-49, 11:^0 51-20 = 
99-59. 

3. Powder in B. Acid O.P. 

{(f) Unatlacked fragments : as 
mineral is soft, try for fc>ulphui-ic 
or Phosy)horic Acid. 

{b) Powder fused with Soda on 
A1 ydatc, boiled, dried, and — 

(c) in B. Acid O.P. Great 
efiervcHcenco without smell : green 
p.c. unaltered {SifJpJiarfr Acid). 

{d) Many trarisi)areut balls 
{Lina). 

(c) Fragm(mt in E.P. Strong 
red-orange mantle {JAntc), 


(b) On platinum wire, melts, 
and tinges the flame green (BaO). 

{c) Dissolves in borax to a 
coloiirl(;ss bead, which, when a 
(quantity is present, can be flat- 
tened. Pearl white (not crystal- 
line). 

{d) Melted with soda on C and 
dug out, gives no S react-iem. No 
rf!action for CO 2 with 11 Cl and 
IJ^G. 

(c) With (KHSO 4 ) in B got a 
pale yellow (Cl). 

(The substance is Bat'ic Ohio- 
7'idc.) 

2. Transparent crystals. 

{a) In B gives off much H 2 O, 
change's colour, and sticks to the 
glass. 

{b) On C intumesces, remains 
outside, glowing with a white 
light while hot: moistened with 
Co solution in OF turns pink. 
(MgO.) 

{(■) On Ag. foil, gives S reac- 
tion. 

(Substance is Mafjuesic Sul- 
phate.) 

N.B.— No reason given why 
this crystal should be tried for 
sulphur. Co. soln. of no use if 
any iron present. 

3. A white powder. 

(u) In B givers oil IIoO. 

(A) On platinum wire, or in 
forcej)s, lighted strongly, tinged 
the flamt^ reddish, and did not 
melt (Ca( )). 

{(•) gave the S reaction. 

(Substance is Gt/psum.) 

K.B. — AV'hy try an evident 
“earth” for S. in the first in- 
Rtauce f 


* Confirm by yellow-green p.c. of fragment in O.P. {Barium). 
t Whc'n Ibis is the cusc, tlie bt'ud must bt' vosiculated or its contents 
boiled out, and transfriTcd to a fresh one from an agate slab (Fig. 50) 
until a clear bead is ubtained. 
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(/) Bead opaque with ^roy 
opaline matter [much comhined 
water), 

80, 192, &c., &c. 

Aywlysin hy Harhoh. — SOs44*8, 
CaO 33 0, HaO 21 0 = 98*8. 

4 . ^o^Ydcr ill B. Add O.P. 

(a) Intense, Inminoiis, blue- 
green pyi'oehrome (C'o/j/^rr). 

(l>) Hlaek opaque balls : cop- 
pery matter from them after 11. P. 
(Oo}jper). 

(e) Green fragments, un- 
changed by H.l\ (Chroimttm). 

N.B. — Only an experienced 
workman would siisjan't eoji}>er in 
pii'seneo of chroiniiun in borax 
B.B. 


5. Powder in Boric Acid O P. 
{a) Black opaque balls ; violet 
after II. P. {Cobali). 

{h) Brown transparent balls; 
colourless after 11 . P. ( J/ taiy/ntt Ke, ) 
doul.tful 'if Mn 
could be suspected in presence of 
Co in boriix. 


6. Powder in B. Acid O.P. 

{a) ITnattack<-d fragments. — As 
mineral is soft, try for ISUs or 
P2O5 by — 

{b) Powder fused with soda on 
A1 plate ; boiled, dried, and — 

(r) Residue in B. Acid O.P. 
Great effervescence without smell, 
green p.c. unaltered {iiulphuric 
Acid).* 

(d) . T ransparent balls, evolving 
oj^alint; matter by continued O.P. 
{Mariam ).f 


4 . A grc'cniah-black powder. 

{(f) Dissolved in borax gave a 
purt^ green colour; thought Cu 
was present, so knocked off the 
bead, and r(!duc.ed it on C, when 
it was red from real need cop])er. 
Got the Cu togetlu'r, and rcj- 
dissolved the remainder of the 
bead in more borax, having ffr^t 
prt'sscd it abroad. Tlie reaction 
in the OF was yellow hot, and 
yelKiw-green cold, showing the 
presence of Cr 20 ;j. 

(Substance was a mixture of 
CuO and OryOs.) 

6. A brownish -black powder. 

(rt-) Dissolved in borax gave a 
beautiful reddiah-bhu', sliowing 
the ju'osence of CoG. The red 
colour, however, indicating the 
presence of another metal, tried 
it with soda and saltpetn^ (ui l*t. 
f(.»il, and got the blue colour of 
Mn. 

(Substance was CoOand MnOo). 

6. A pinkish opaciue mineral. 

(a) In B decr<‘pitat.es, giving 
off* little or no H 2 O : changes to a 
givy colour. 

{h) In pt. forceps, melts and 
gives a green colour to tlie OF 
(pres, of Ba( )). 

(c) Gives no sublimate on C. 

(ft) With soda on C, greatest 
part sinks in, but a portion of 
w'hitc remnuin on the year rinys 
{pr(‘f(. of CaO).X 

(c) 1’he remains, dug out of the 


♦ Confirm by hlach fttam on silver. (See Sulplmr). 
t CV.)ntirm by yellow -gj‘.'e.n p c. of fragment in O.P. {Barium) and 
Lime by orange-red inantie p.c. in E.P. 
t To detect Lime in No. 0. 
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N-E. — Moat proljaLly Strontia 
and Iron jn'esent ln;ro. 

76, 77, 1?2, &c. 

Barite. 

Annh/mis hy llcidinqsfeld . — Ba 
S(>4 Sli lO, SrSiO 7-10, CaS04 
6-12, F 02 O 3 1-83 = 99-74. 

7 . Powd(;r in IL Add O.P. 

(a) Groat oflorvi'scjoiice wilhont 
y< llowiuf? f^roi'U p.c., no siiR-ll 
(<SV^//y// nrir A fid). 

{//) ]{o;id oi):i(iiU! with prey opa- 
lin«; mutter, recpiiriii'^- 4 c-liuTij^es 
(over ^10 ]aT oent. (‘()mT)iiiod fi jO 
and li tie or no alkali which 
would remove ojjulescema'). 

(c) About two-soveuths wliito 
0 ])aquo fia^mc'uts, allbrdinj:^ iiii- 
mediato milkiness on addition of 
lime iJOwdcT O.P. (about f Al?{- 
in in a) . 

(f/) Powder in Pink P. Acid 
P.P. all dissolved (no Silica). 

3(5, 40, 45, Ac. 

Al((niinitf. 

Analysis hy iSfroinrycr. — 8O3 
2;5-3(>, Al.Oa' 29-25, lUo 46-37, 
= 100 . 

8. Powder in B. Add C).P. 

(</) Dissolves witli great (‘fTcr- 
vesceiiee, fumes, and suilbeatijig 
smell (an alkali, with chha-ine or 
fluorine) : green p.c. com^deUdy 
ycdlowod (over 5 i)er cent, of 
Bod a). 

{/)) On addition of cobalt oxide 
O.P. all balls immediately dis- 
solved, forming a bead, blue, cold 
(over 30 i»er cent, alkali). 

{(■) On Jiddition of fresh powder 
with copi^er oxide O.P. no blue 
p.c. (no chlorim*). 

{(1) Bead ladled wdth drop of 
w-ater in glass bulb, makes its 
neck dull [Flnorinr). 

(c) Pow’der ('f a fused fragment, 
bfdhid and dried, in 1* B. Acid O.P. 
about Y unattacked wliite frag- 
ments, which, produce milkiness 


C and put on a silver plate with 
H-,( », g. ve reaction for Miljdmr. 
(Mineral is BarUe with trace of 

lime.) 


7 . A white f halky mineral. 

{a) In B gives off 11^0, which 
has an acid reaction. Ko decide d 
rt.'action in the forceps ; docs not 
melt. No sublimate on C. 

(//) "With (aj solu. in OF be- 
COirn S blue (AljO;;). 

t^With soda^ ou 0, substance re~ 
maois outside,*) 

{d) d’ho C (lug out, wetted on 
ag. foil, gives S reaedion. 

{() It is soluble in HCl. 

(Substance is Alnminite.) 

N.B. — Why try “a white 
chalky mineral ” on C ‘r Any 
Iron would liave destroyed the 
Co soln. reaction. 


8. A white compact mineral, 
like fossilized eoeeauut “meat.” 

{a) Does not change in B, and 
gives off little 11 -O. 

{h) In the foreeps melts easily 
to a round ball, colouring the OF 
reddish-y ( llow (soda) . 

(c) On C gives no sublimate, 
but melts to a clear bead, opa(]ue 
when cold, wliieh spreads out, 
and x>art sinks into the C. 

{d) With Co solution becomes 
blue (ABOj). 

(r) No action for S on ag. foil : 
no action for (d ):j with A-Cd dil. : 
no aetion in B for 01, Br, or 1, so 
trii'd it with 1* salt in oj)en tulte, 
and got the FI reaction : also tried 
it witli HSOj in jiopcelain ciij) on 
glass, and got a lirst-rate reaction 
for FI, so decide the substance to 


* To detect Alumina in No. 7. 
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on addition of lime powder O.P. 
(about y Ahi)ui)ia, or Al silicatt). 

( /■) A frag'mont fused on Al 
plate O.P. with water until tlie 
soda is dissolved and waslied 
away, and the residue glows, 
affords a bright blue with Co 
solution and ().P. {^Ahimina,, free 
from metidlie oxides). 

{(f) I’owder of (/■) in pink P. 
Acid P.P. all di^solvcd (no silica). 

8o, 86. 

Cryul'i te. 

AnnhfAfi hif lU'rzdiuft . — F 54‘07f 
Al 13-00, Na 32-93 = 100. 

9. Powder in B. Acid O.P. 

((f) About y bluc'-blaek frag- 
ments, affording a blue bc'ad on 
large addition of P. Acid II.P. 
(about y 'TnugsteH ) : about brown- 
black opaquc! balls, with rnst-liko 
inattci- (about -} Iron) : a few brown 
transparcjiit balls, colourless after 
H.l*. (a little M(i})(i(fne-s(). 

(h) I’owder in 1*. Acid H.P. 
an azure-bluc! bead {Tt(nys((n)y 
which changes to red on addition 
of .soda O.P. (over 15 per cent. 
Iron). 

8, 24. 72, &c. 

W oJ fnimite. 

AnaJyAx lianinichherq . — 

\V 03 75-56, FeO 20-17. MnO 
.^-.54 = 99-27. 

10. Powder in B. Acid O.P. 

(17) Oreat effervescence and 

wliite vapour with choking smell 
(Chlorine or Fluor im). 

(h) On addition of c;oppcr oxide 
O.P., a blue p.c. (Chlorim). 

(c) Fragment on C slip Al 
plate II.P. melt.s and aflbrds a 
cxqdous wdiito sublimate, which, 
through a lens, appears as myriads 
of ni(;tallic balls (Mercury) \ th<j.so 
scra jicd togfjther, form laige shin- 
ing visible.* glolnilc.s. 

(N.B. — Calomel, Hg Cl stihliiHca 
at once. Corrosive sublimate 


be fluoride of sodium and alu- 
minum, or CryolUe. 

N.B.— -Any Iron present would 
have destroyed the Co soln. re- 
action. 

The fluorine is not suspected 
here, until after a stiries of ten- 
tative failures in search of other 
things. 


9. A black mineral, with me 
tallic lusti-o. 

((f) Is not magnetic be fore roast- 
ing, nor after. Decrepitates in 
B, i)ut gives off no ). 

(/>) Clivt'S no subliin.'ite on C, 
and no sire 11 of S (..)2 or As. 

(c) With borax gives a reddish 
bead cold, as also with P salt. 

((/) Is slightly soluble in 1 1 Cl, 
and gives <‘i blue colour with 
KiFcCyc (Fe..O;0. 

(e) IJeattid with liSOi a blue 
fluid is obtained. 

(/) INlelts to a slag with soda, 
and is slightly fusildc on the 
edges. 

(Substance is IVol/ramite.) 


10. A white crystalline Bub- 
sta Tu*e. 

(u) In B give.s off a white va- 
jrour, wliich .settlo.s on tiro sides of 
lire* bulb, and turns yellow while 
hot. In the f(u-ea*]js gives off’ a 
lot of wliite smoke. 

(h) On C is rnellod, and gives 
off copious whitij fumes, which 
settle on the C, and are very vo- 
latile. 

(c) With soda in B, gives off a 
snh.stance whieli settles on the 
sid'*, and forms a mirror : wdicn 
rub lied forms gobules (Hg). 
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(which this must have been) fuses 
first, and then Bublimes. 


11 . fSee (9), with about | Man- 
ganesey 

19, 45, &c. 

Uubuerite. 

N.B. — In (9) upwards of 3 
c/(! Manf^anese is missed by using 
borax, and not even detected by 
Soda afterwards. 


12. Powder in B. Acid O.P. 

{a) (droat eft’erveseenci', with 
“ smoke,” and garlic sinoli and 
sufFoeating odour at the same 
time [Arsenic Acid ; and, as proved 
by its blue p.c. vith cop])er oxide 
O.P. Ch/orine). Bead milk-white 
enarnel-like, opaqu(; (cannot be 
dut> to alumina and lime ; so pro- 
bably Lead). 

[b) Fragment on A1 plate O.P. 
fuses, "with choking and garlic 
fumes, and copious yellow, 
brown, and white sul»t., first and 
last turning permanc'ntly bro\%Ti 
in P.P. (large proportion of 
Lead). 

(e) Grey, metallic malleable 
ball, with crystalline fact'ts • n 
cooling. [Vhosphate if Lead 
confirm by adding K carbonate, 
K pyrotungstalt) and pobish to 
bead [a) H.P.. wluui a tunpioise- 
hlue oi)aque bead shows rhos^ 
phoric Acid). 


(d) With CuO on C gives a 
beautiful blue flame, striped green 
(j)resence of Cl). 

(The substance is, therefore, 
llgCl, or CL.) 

11. A substance with metallic 
glance. 

(a) In B giv'os no H 2 O, and 
does not change. In forceps 
melts slightly on the edges. 
Gives no sublimate on C. 

(b) In the OF in borax, gives 
the Mn reacti(m, and in itP, 
reactions for Fe. 

(c) In P salt OF, gives the Fe 
reaction, as Mn does not colour 
the bead so strongly in P salt as 
in borax . 

[if) In the RF got a red bead, 
which showed that either TiO.> or 
WO;} was there; but titanic Fe 
does not melt in the forceps : this 
did, so 

('I’he mineral is MiDiganese JVol- 
fruai.) 

12. The substance is yellow, 
wdth a crystalline structiue. 

(r/) In B decri']>itates and 
changes colour a little, but gives 
off no H'i( >. 

[b) On C gives a smell of As, 
an l smokes ; which sittles as a 
sublimate some distance off, while 
nearer tlie assay there' is a yellow 
sublimate of l*bO, and a globule 
of l^b is left behind. 

(c) AVith CuO on C it shows a 
trace of Cl. 

( Arsenate of load, or Mi aa tile.) 

N.B. — Here, probably, a (ton- 
sidcrable proportion of phos- 
phoric acid is missed. 
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8, 72, 238, &c. 

Mimctite. 

Analysis by Rammelshery . — Pbs 
AsOr. 71-70,* rbnPoOc 19*-00, Pb 
Cl 9-45 = 100-15. 

13. Powder in B. Acid O.P. 

{a) Great (^ffervesceuco with 
“smoke/’ and choking smtdl : 
with CuO a sky-blue p.c. [Chlo^ 
rine) . 

{b) Dark blue p.c. from powder 
at bottom of bead, and enamel- 
like matter {Lead). 

{c) Fragment on A1 plate O.P. 
Choking white fumes (large pro- 
portion of Cbloj'iat), dark blue 
p.c. from assay {Lead) : no siibt. 
(no arsensic, &^c.) : with C slip, 
copious yellow, broAvn, and white 
Bubts. first and last turning brown 
in P.P. (large proportion of lead). 

225^ 226, 22S, Ac. 

Cotiouiite. 

Analysis by Vovidli. — Cl 26-5, 
Pb 74 5 = 100. 


14. Powder in B. Acid O.P. 

{a) Minute black opaque frag- 
ments ; on addition of soda 11. P. 
dissolves to green bead ; lines in 
Bpect. Fig. 97. {Pure Lranium 
Oxide) . 

N.B. — A large proportion of 
Iron, and other things, might 
have been present without detec- 
tion by the borax assay. 


16 . Powder in B. Acid O.P. 

{a) Slight ebullition and fumes, 
with choking smell ; blue p.c. 
with CuO, and heated with drop 


13. Substance is of a grey 
colour, with a glassy lustre. 

{a) In B it melts, giving off no 

H2(). 

(/>) On C melts, affording first 
a yellow sublimate of Pb, and 
outsid(; a thick white on(% wliich 
is prt'tty volatile. With KOO, 
it is quickly reduced, leaving a 
glol>ule of lead. 

{<) In B with soda gives no 
smell, and nothing is deposited on 
th(! tube‘. 

(</) In the open tube gives off 
a white sublimate, which, treated 
before the blowpipt', aggregates 
into di-ops of a w'hite or grey 
colour; opaque. 

(c) With CuO gives a strong 
Cl reaction. 

(I therefore suppose the sub- 
stance to be PbCl.) 

14. The substance is an orange 
powder. 

{a) In B changes to a liver 
colour, and gives oft' IIjO. On C 
no sublimate, and with soda or 
KOO, is not reduced to metal, but 
makes a sort of slag. 

{b) In OF in borax, is yellow 
when cold ; in KF, yellow- w ith 
green tinge. 

(c) In OF in P salt the bead 
is gri'cnish- yellow- ; in KF emerald 
green. 

{d) The borax bead wdth zinc 
on C b(!Comes green. 

(Substance is, therefore, oxide 
of Urania m.) 

15. A green wax-like sub- 
stance. 

{a) In B decrepitates, and gives 
off no 
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of water in glass bulb, attacks 
the glass {Chlorine and Fluorine), 

(b) A large transparent yellow 
ball {Lime and Lead- phonph ate : 
no other substance with its high 
specific gravity — 6 to 7 — afibrd- 
ing a baU here) ; on addition of 
K carbonate, K pyrotungstate 
and potash H.P. a blue bead 
{Fhosphay'ic Acid). 

(e) Fragment on A1 plate O.P. 
fuses to a ball with crystalline 
facets on cooling {Lead-ph o.sphaJt) ; 
with C slip and soda, a coj)i<.us 
yellow, brown, and white subt. ; 
first and last colours turning 
permanently brown in P.P. {hur/e 
proportion of Lend) ; a cornpara- 
tivcly largci grey metallic squeez* 
able ball (laryc proportion of Lead), 
1, 24, 72, &c. 

Pyromorphite.y or Pol y sphrr rite. 
Analysis of Polysphccrife hy 
Kersten. — Pb.iP-iOr. 77 ‘02, Pb (.1 
10-84, CaF 1-09, CajP^Oo 11-06 
= 100 . 

16. Powder in B. Acid O.P. 

{a) Nearly all yc-llow opaque 
fragments : blue after II. P., which 
aflord an amethystine colour on 
large addition of 1’. Acid, II. P. 
{nearly the whole y TiUtnium Oxide) : 
a very few brown-black opaque 
balls (« very little Iron). 

85, 86, granite, &c. 

Pat He, 

Analysis by H. Rose. — Ti02 
98-47, FeiO;i 1-53 = 100. 


17. Paste on A1 plate O.P. 

(a) No sublimate : (no arsenic, 
&c.) 

(b) With C slip, O.P. copious 
yellow, brown, and white subts., 
first and last becoming brown in 
P.P. {large proportion of Lead ) : 

{c) dark blue p.c. from assay 
{Lead) , 


{h) In forceps melts easily, 
colouring the outer flame blue. 

{c) On C melts to a white crys- 
talline bead, and with KOO gives 
a bead of load. 

{d) Mixed with CuO in OF on 
C, gives a strong reaction for 
chlorine. 

(Substance is Pyromorphite. ) 

N.B. — All the PitOa apparently 
missed here, unless the expression 
“crystalline head” refers to it. 
A lead minr'ral “ melting easily” 
in platinum forceps indicates ruin 
to the latter 1 


16. A reddish mineral, w’ith 
metallic glance. 

{a) In B does not give oft' II-O. 
and does not decrepitate. In for- 
ceps infusibh*. 

{6) On C, gives no sublimate ; 
with soda, melts to a reddish 
bead. 

(r) In borax, in OF, gives the 
Fc reaction; and in ilF the colour 
goes away, or nearly so. 

{d) In 1* salt in OF gives a 
colourless bead; in RF, a beau- 
tiful violet colour. 

(The mineral is Rutile.) 

17. A j-ellow oarthy-lookii 
substance. (High specific gra- 
vity.) 

{a) In B changes colour a little ; 
on C got a sublimate of Pb ; th(; 
assay melted, and there was tract- 
of a lighter sublimate in the dis- 
tance. 

{h) To see w-hat was with the 
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{d) Powder of the crushed resi- 
due — after volatilisation of load — 
in B. Acid O.P. : green frag- 
ments, unchanged by H.P., and 
dissolving to a green bead (pink 
hot) on addition of soda O.P. 

85, 86, granite, &c. 

Analysis hy PfafT . — CrOa 31*75, 
PbO 67-91 = 99-64. 

18. Powder in B. Acid O.P. 

(<;) Largo 1 )lMck fra gmcnts, w-ith 
yellowish matter round them {pro- 
bably Tungsten or Molybdenmn) : 
on addition of lime-powder, 0.1\, 
balls, colonr<'d dark brown after 
H . P. {MolyhdcMuw ) . 

{b) Paste on C slip, A1 plate, 

O. P., a copious pale straw-yellow 
Bubt., turning dark blue when 
touched for a second by II. P. 
{large propoi'tion o f Molghdonini). 

{c) Subt. of (5), scraped off, in 

P. Acid, O.P., w'ith small quan- 
tity a blue bead ; with more, 
bluish green {Molf/bd<unan). 

8, 24, 72, &c, 

Molgbdite. 

Chom. Comp. Mo 65-71, O 34-29 
=r 100. 

N.B. — Ought to be no lead here. 


19. Powder in B. Acid O.P. 

{a) About nine-tenths white 
fragments, unaltered by H.P. ; 
un.dtered by calcium borate (not 
Al, and prol>ably, on account of 
its great specific gravity — 6 to 7 
— 7V>?) ; one or tw'o sin»ill brown 
fragments {tt'aee of Tanialuw) : 
one or two brown opaque balls, 
with rusty matter {trace of Iron) : 
one or two brown transparent 
balls, colourless after II.P. {tra^e 
(f Manganese). 

{b) Fragment on Al plate O.P., 
metallic sweat without subt. 


lead, added a little borax glass to 
the slag left on the C, and treated 
to OF, when a green bead was 
produced. This could only be 
Or-iOa or VO.^. To prove which 
it wuis, treated some of the original 
ore to OF in P salt, when it was 
coloured green. 

(Substance is Crocoisiie.), 


18. A yellow earthy substance. 
{a) In B decre];)itatcs forcibly ; 

gives off Il'iO. On C got no sub- 
limate but that of Pb with a few 
metallic beads of lead. 

{b) Then tried it with borax 
glass, when I got a dirty colour, so 
tried it in a bead of borax, and 
reduced it on C, when a black l>ead 
w'lis produced with some white in 
it from the lead oxide, which 
spoke of the presentie of MO3. 

(c) To prove this, dissolved some 
of the powder in P salt, and got 
in the OF a green colour, which 
with the other rt:action proved 
the presence of IMOs. 

{d) Then dissolved some of the 
mineral in IvlISOi diluted with 
II-O, and them added a jnecc^ of 
zinc, whem I got a blue colour 
from the formation of a lower 
oxide of the M();j. 

(Ihe substance is Molyhdan- 
ochre.) 

19. A brown mineral with me- 
tallic, or rather resinous, glance. 

{a) In B decrepitates feebly; 
gn-es off no H'^( ). 

(5) Orj (! gives a white subli- 
mate which i.s not volatile, and 
which, with (<o solution, giv()S a 
bluish-gre(!n colour. In the for- 
ceps it docs not melt ; but a white 
elIloreH(;(nce conies out upon it. 

(c) In OF with soda melts to a 
slag : but in KF wu'th KOH got a 
bead of white metal wliich was 
malleable. 

(The substance is Cassiierite.) 
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(Tin) : white efflorescence on as- 
say in cooling [Tin) : with C slip, 
soda, and K cyanide : a whitish, 
metallic, sqiieczahle hall (large 
proportion of Tin). 

8, 34, 72, 238, &c. 

Ca.^siteritc. 

Analf/sis bif Berzelius. — Sn02 
93-(> ; tu (.)5 2'4, Fe^Ua 1-4, MnOa 
0-8 =: 98-2. 


20 . Powder in B. Acid, O.P. 

(a) ^^hout nine-tenths, small, 

transparent, colouiless, sh go-like 
balls, sarroiindcid by semi-trans- 
parent viscid matter (about nine- 
tenths Zinc) ; a IVsw brown traiis- 
pareiit balls, colourless after ILP. 
(a little Mangayu'se) : one or two 
brown -black opaque balls with 
rust-like matter (trace of Iron). 
llo, 108, 112, Acc. 

/An cite. 

Analysis by Hayes. — ZnO 93*48, 
MnO 5*60, FeoOi 0*80 = 99*78. 

21. Paste on A1 plate, momen- 
tary O.J\ 

(a) Srn(dl of SO 2 (Sulphur) : 
O.IL without fusing : a consider- 
able snow-white elllori'SCfiico over 
assay on cooling (considerable pro- 
poriion of Tin) : a slight white 
sublimate), yellow hot ; alTording 
sngo-likc balls in B. Acid, O.P. 
(a little Zinc) : 

(b) With K carbonate, in can- 
dle P.P., aitor volatilisation of 
all the sulphur, a pink- tinged 
opacpie bead (conHidcrablc Iron) : 
with strong II. P. — still on bare 
plate — copper- red oxide, and a 
bronze metallic ball (considerable 
proportion of Copper). Conlirmed 
by luminous blue-groon p.c. in 
B. acid. 

8, 24, 72, 238, &c. 

Stannite. 

Analjfsis hij Rammelshcrg . — S 
29 05, Sn 25*G5, Cu 29*38, Fe 
6*24, Zn 9*68 = 100. 


N B. — Here traces of Tanta- 
lum, Imn, and Manganese were 
probably missed. 


20. A reddish mineral, with re- 
sinous glance. 

(a) in B does not decrepitate. 
On C gives a sublimate which is 
green on moistening with Co so- 
lution. 

(b) In forceps infusible. With 
P salt and borax gave a man- 
ganese reaction. 

(The substance is Red Oxide of 
Zinc.) 


21. A dull grey semi-metallic 
looking mineral. (High Sp. Gr. ) 

(<r) In B gives oft’ S, which 
settles on the tube. In t>pon tube, 
S burns over the ass;iy ; also a 
w'hite sublimate, which settles on 
the tube. 

(//) Un G, I got a thit’k white 
sublimate whiili settled dost; 
round the assay, and on being 
'wetted with Co solution gave a 
bliu'-green colour ; so there is evi- 
dently Sn pri'sent. I'here w'as no 
subliinatt' farther off from the 
assay. 

(c) In borax the white oxide 
was slowly dissolved to a colour- 
less bead, which was unchanged 
in the KF on C. In P salt melted 
slowly to a clear bead, so I only 
found S and Sn. 

(I’he mineral is Stannite.) 

N . B . — Large proportion of 
Copper missed her© ! 
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22. Paste on A1 plate, momen- 
tary O.P. 

(a) Smell of SOo {Sulphrr) 
0.1’., a yellowish -red suht. whic h 
whitens in IM’., hut affords a 
black spot to O.P. {AHtimoHy 
SuJphidi^ : a copious white subt., 
instantly blackened by O.P. {lartie 
proportion of Antimony) : with C 
slij), O.P., copious yellow, brown, 
and white subts., first and last 
turning brown in P.P. {Jar ye pro~ 
portion of Lead ) ; on addition of 
soda, H.P., a red, metallic, sciuoez- 
able ball [couniderablc proportion of 
Copper). 

8, 24, 72, 238, &c. 

lioifnionitt'. 

Anatyfiis by IT. Rot^o. — S 20*31, 
Sb 26*28, Pb 40*84, Cu 12*06 = 
100*08. 


23. Fragment on A1 plate, mo- 
mentary O.P. 

(r/) SiiK.ll of SO 2 {>^?(?phtf?') ; 
O.P., a cojdous wliite subt., vola- 
tilising in 11. P. with garlic smell 
{farye proportion of Arno/ie] ; w'ith 
C slip, no further subt. (no other 
volatile metal). 

(/>) After rojisting on bare jdate, 
till S and As have been vola- 
tilised, the residue crushed, and 
powder in B. Acid 0.1’., the 
w'hole, brown -black opaque balls, 
with rust-like matter {the whole 
reisidue Iron). 

8, 24, 72, 238, &c. 

MispiclrL 

Analysis hy Rtromeycr. — As 
42*88, S 21 -os', Fe 36*04 100. 

24. Probably common 

40, 106, 72, &c. 

Ryritv ; 

analysi.s same as above, minus the 
arsenic. 


22. A grey mineral, with me- 
tallic glance. 

(a) In the B got nothing par- 
ticular. In open tube a strong 
smell of Bol', w*ith a suldimato of 
Sb, and some grey drops. 

(h) On C got first a sublimate 
of Bb, then out? of I’h, and finally 
a bead of (^u w^as left. Did not 
perceive a smell of As, nor had 
any eolour in the tube to indicate 
its presence. Thus S, Bb, Pb, 
and Ou are pre^sent. 

(The mineral is Rournouiie,) 


23. A greyish-white mineral, 
witli metallic glance. 

(a) In B gives off a rod suhli- 
mat(! with smell of As (AsS), then 
a mirror of As. In opc.'ii tuhe 
gives off BO 2 and forms a sub- 
limate of As and B. 

(h) On C melts to a bead, giv- 
ing off As and B. Tlio beacl is 
magnetic and has a rough sur- 
face. 

(c) The roasted mineral in P 
salt and borax gives the Fo reac- 
tion, and nothing else. 

(Must be Mispickel.) 


24. A mineral from Pampelli, 
Corsica. 

(c/) In B givt!S off S. On C 
melts to a magnetic ball, giving 
off fumes of 8o.i. In forceps, is 
with dilliiulty melted on the 
edges. 

{b) Is slightly magnetic before 
roasting. 
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25. Powdor in B. Acid O.P. 

(«) Large number of brown 

transparent balls, colourless in 
H.l*. (Javfje proportion of Man- 
ganese) : considerable number of 
opaque black balls, violet after 
H.P. [considerable proportion of 
Cobalt) : some brown-black opaque 
balls, with rust-like matb'r [a little 
Iron) : luminous blmsgreen p.c. 
with a few bluc-black opaque 
balls ; coppery suffusion after 
H.P. [a little Copper). N.B. — 
The above must be; boiled out of 
th(> first bead in consequence of 
the large quantity of opaque gr<'y 
matter formed [chemical xvater)^ 
and applied to a second bead, 

o.r. 

61, 72, 21, &c. 

JCad. 

.Analysis Inf RanDnelsbcrg . — MnO 
40 -Oo, 09 47, Fe-^Oa I (’<.0 
19 45, CuO 4-35, H>0 21-24, K>0 
0-37 = 99-94. 

26. Fragment on A1 plate, mo- 
mentary U.P. 

[a) No smell of SO 2 (no sul- 
phur) : minute metallic sweat 
[trace of Jlistnath) : O.F., faint 
vvliite subt. volatilising in ll.l’. 
with garlic smell [trace of Ann nie): 
with C slip O.P., a little ytdlow 
and whit(> subt. turning brown in 
V.l\ [a little Lead). 

[b) The residue, aft('r roasting, 
crushed to fine powder, in B. 
Acid O.P., nearly four- fifths (of 
miginal powder) minute black 
fragments ; affording on addition 
of soda O.P. a yellow bead, green 
after H.P., and thick absorption 


(c) In borax and P salt got only 
the Fe reaction. 

[d) The mineral does not appear 
to lie a magnetic pyrit(;s, for that 
gives off 11 2 S with HGI, and this 
does not, but it may be a combi- 
nation of a magnetic oxide with 
some sulphide. 

25. A black rotten-looking pow- 
der. 

(^/) Tn B decrepitates, and 
yields II 2 O. In forceps does not 
melt. 

[b) In borax, OF, got a red- 
violet colour which was not pure, 
so supposed Mn was thiTC. In 
the llF, the !Mn colour left, and a 
beautilul blue remaiiujd alone. 

(r) I'ried them w'ith soda and 
salti)elre on l*t. foil, and got Mn 
reaction. Tlum w ith soda on C 
got a slight trace of S. 

(The sulistance, therefore, is Erd 
Cobalt.) 

K.B. — Only a very practised 
“hand” w-ould detect Mn in pre- 
s('iice of Co in borax. Cu and Fe 
ai)pear to have been missed here. 


26. A black mineral, with sub- 
metallic glaneci. 

[a) Xcry difficultly melted in 
forceps. In B gives a sublimate 
of S. On C does not change or 
give a sublimate. 

[b) In borax, OF, is dissolved 
w-ith difficulty, and givt'S an Fe 
reaction. In RF also an Fe re- 
aefion. In P salt, got in OF a 
ycllow-ish-gri‘c'n coloured bead, 
w hich changes in KF to a beauti- 
ful emerald green. This tdls us 
it is ITranium, and th(‘re is oidy 
(MK* mineral of this nature — Uran- 
peeherz. 

N.B. — It seems rather a strain- 
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bands at D, Eb, and F — see Fig. 
97 — {nearly four-Jifths Uraniwn) : 
very low brown-black opaque 
balls with rust-like matter {a very 
little Iron) ; very few transparent 
balls, opaque hot, palo grt'cm 
cold {a very little Lintv^ with trace 
of Magnctiidy containiny Iron prot- 
oxide) . 

{r) Powder in pink P. Acid 
P.P. all dissolved but a few spi- 
culae {a little Silica) : bead a mix- 
ture of green and pink {no Alkali 
or Ahumina), 

8, 24, 72, &c. 

XJra)ibiite, 

Analysis hy Itammclsherg . — TTO, 
TJA)3 7'9-15, FeO 3-90, CaO 2 Sl, 
MgO 0-4G, Si()> 5-30, Pl)6-20, 
As 1-12, Pi 0 G5, H*0 0-3G = 
99-Gl. 

27. Fragment on Al plate, mo- 
mentary O.P. 

{a) Smell of 8O2 {Snlphnr) : 
O.P., no subt. (no arsenic, <kc.) : 
with C slip O.P., no subt. (no 
volatile mc.'tal) : 

{h) Roasted pow’der in P>. Acid 
O.P., the whole residue — about 
three-fifths of original powder — 
brown transparcuit balls, colour- 
less aftt.T 11. P. {about thrcc-Jifihs 
Manganese ; therefore , nearly tao- 
Jif ths Su Ip h ur) . 

(Quartz veins) 
Alahaiidite. 

Analysis by Arfvedson. — S 37’9, 
Mn 62*1 = iuO. 

28. Powder in B. Arid O.P. 

(<7) Slight fumes with smell of 

SO2 {Sulphur) : no garlic smell 
(no ar.s(iiiic) : after gentle roasting 
to eliminate the S, about tliree- 
fiftbs original powder, small, 
transpaient, colourless, sago-like 
balls, surrounded by semi-trans- 
parent viscid matter {about three- 
Jifths Zine) : one or two larger 
transparent balls, emitting woolly 
matter turning reddish after 11 .P. 


ing of the term to call this a 
“lUowpipo Analysis.” Many 
minerals would have afforded re- 
actions for Iron and Uranium; 
the only two procui’ed here. 


27. A black vitreous mineral. 
(High Sp. Gr.) 

{a) In B a very small subli- 
mate of S. In open tube got a 
lot of SO‘2. 

{b) On C gave no reaction 
alone, but after roasting, the re- 
mainder dissolved in borax gave 
a red-vioU.'t bead. This colour 
vanislu^d in the RF, so there was 
nothing theris but Mn. Thtirc 
art; two ]\Iii min(;rals combim;d 
with 8, Mn8, and MnS-i, hut the 
hitter gives off more S, and has a 
red streak on poretdaiu, whereas 
this has a yreen one. 

(Tho mineral is Manganhlendc ) 

28. A mineral, with resinous 
glance. 

{a) In B dccrcpital(;s, and gives 
off some As as sulioxidt;. In open 
tulie gives fumes of AsO;i and 
8O2, which rcddtiii litmus pajxT. 

{b) On C, OF, .givt;s a white 
sublimate which is yellow while 
hot, and with Co solution turns 
gretm. 

{r) In borax gives an Fo re- 
action ; in P salt ditto. So we 
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{a very little Cadmium) : very few 
l)rf)wn-black opaque balls with 
rust-like matter {a very little Iron')» 
66, 130, &c. 

Sphalerite. 

Analysis hy Lowe. — S 33‘15, Zn 
61*40, Fe 2*29, Cd 1*50 = 98-34. 

29. Frap^ment on A1 plate, mo- 
mentary o.r. 

(ff) Smell of SO2 {Sulphur) ; 
O.P. a yellowish red subt., wnich 
whitens in IM\, but h fiords a 
blaek spot to O.P. {Antimony Sul- 
phidt) : a copious white subt. in- 
stantly blaek('iied by O.P. [large 
proportion of Antimony) : 

{1) Residiu) after elimination of 
the 8b, powdered, in B.AcidO.P., 
about one-eighth original powder 
brown-black, ojiaque balls, with 
rust-like matter {about one-eighth 
Iron), 

204, 216, 220, &c. 

Bcrthierite. 

Analysis hy Pettko. — S 29*27, 
Sb 57*88, Fe ‘12-85 = 100. 

30 . Fragment on A1 plate mo- 
mentary O P. 

{a) Smell of 8O2 {Sulphur) : 
O.P. a faint, fix<'d, white subt., 
-which, scrapt'd oft', aft'ords in B. 
Acid O.P. sago-like minute trans- 
parent balls, in seini-transpa- 
ront viscid matter {a very little 
Zinc) : with C slip, 0.1*., a co- 
I)ioua white subt., in.stantly 
blackening in O.P. {a considerable 
proportion of Antinumy) : a few 
streaks of rose-colounfd sublimate 
below the wdiite {trace of Silver) : 
with K carbonate on the bare 
plate, candle P.P., a pink-tinged 
mass {a Utile J?'o?/) : the mass on 
C slip H.P., a coni] )a rati vrly 
large, red, metallic, sipu^ezablo 
bail {large proporiunt of Copper), 
24, 72, 238, granite, &c. 

Tttrahedritc. 

Analysis hy Bruno Kcrl.— S 
25-82, ‘8b 28-78, Cu 37*96, Fe 
2*24, Zn 2*62, Ag 0*G7 = 97*98. 


found Fe, Zn, S, and As. iZinc 
Blende.) 


29. A blnish-black mineral; 
metallic^ lustre. 

{a) In B got a cborry red suTi- 
limat(! of sulphide of 8b. In open 
tub(! 8O2 and 81)0. 

(/>) On C, 8bO goes off, and an 
unmelted mass was left behind 
wdlh a slight smell of This 

mass pounded and tried in borax, 
gav(^ an Fe rt;aetion. 

(ilie mineral is, therefore, Ber- 
thierile.) 


30. A steel grey mineral, with 
metallic lustre. 

{a) In B got sublimates of 8b8 
and As8 ; in the open tube, of 
8bO, 8O2, and AstL. _ 

{h) (in C got a sublimate of 8b, 
some distance from the assay, and 
nearer, a sublimate of Zn, moved 
by (.'o solution. The As got'S oft 
fii-st, then the 8b, then tin; Zn. 

(<) The bi'ad that remained 
after the Zn had gone off was 
ground up and roasted, as 8 is 
still left in it ; the roasting, of 
cours(.‘, on charcoal. 

{d) I then treated in borax, and 
found the la^ad coloured green- 
blue. Knocked off the bead, and 
rt'duei'd on C (without 811, must 
blow' at least ten minutes). The 
Cu is tlu!u reduced as nudal, and 
falls to the bottom ; if nothing 
more is there, the bead will then 
be cj)lourless. 

(The mineral is Fahltrz), 
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31. fragment on A1 plate, mo- 
mentary O.P. 

(a) Smell of SOa {Snlphnr ) : co- 
pious white subt., volatilising in 
H.P. with garlic smell {larpc pro- 
mriion of Armnn) ; with C slip 
no further suht. (no other volatile 
metal). 

(/>) After volatilisation of S and 
As, crushed residue in B. Acid 
O.P., about one-fourth original 
powder, black opaque balls, violet 
after II. P. [ahout ove~fonrtli Co~ 
halt) : a few brown-black opaque 
balls, with rust-like matter (a 
little Iron). 

8, 238, 21, 72. 

Cohaltitc. 

Analysis hy Stronnyer . — S 20*08, 
As 43-4G, Co 23*10, Fe 3*23 = 
99*87. 

32. SpanioUte or Mercuriferous 
Tetrahedritc. (See No. ^^^plus llg 
1 to 17 per cent.) 

N.B. — The a])pearanco of the 
mineral must hav(! hedped him to 
form the rather sudden conclusion 
arrived at. 


33. Paste on A1 plate momen- 
tary O.P. 

[a) Smell of SO 2 {f^ulphur) : O.P. 
a white subt., yellowish ov(ir black 
in the centre ; the black whiten- 
ing, the white instantly blacken- 
ing in O.P. [considernhle proportion 
of Anti^nony ) ; with C slip O.P., 
magnih (gently coloured, crimson 
splashes in the above white subt., 
unchanged by 1\P. {laryc propor- 
turn of Sihw7') : with K carbonate 
and candle P.P., after the S has 
been eliminated by IM\ on the 


31. A grey mineral, metallic 
glance. 

(«) In B gave off S, no As. 
In open tube SO 2 and AsOa. 

(J)) On C fuses to a bead, dark 
grciv, giving oft* fumes of SO 2 and 
AsOs. 

(e) In borax gives Go reaction ; 
tried it on C with borax glass for 
some time, but could not reduce 
the Co to get a Ni reaction ; so 
think the mint^ral is 

(Co As, C 0 S 2 , or Cobaltine.) 

N.B. — Curious that 43 c/c 
of As should have been missed 
here, in G.B. 


32. A black mineral, with me- 
tallic glance. 

{a) In B d( 'crepitates, and gives 
a lilack suT)limato, which may be 
suboxide of As or HgS. In open 
tube got a sublimate of Sb, and a 
ring of llg; got also SO 2 and a 
strong smell of As. The metallic 
ring shows that the black oxide 
in the shut tube was foi-med by 
II g, for no other substance would 
give a ring of metal in the open 
tube. 

(Proceeded no further, but the 
mineral is (ividently Spaniolite). 

33. An iron black mineral, with 
metallic lustre. 

(<-/) In B nothing particular. 
In open tube, smell of SO 2 , and 
a large deposit of SbO^. 

{It) On C a trace of AsOs, and a 
subliI^lat(^ of Sb():i, which was 
colourc'd red— brownisli near the 
assay — and a largo “ korn ” of Ag 
remained l>ehind. Thus we had 
S, As, JSb, and Ag ; so that the 
mineral can eith(!r be dark Pyr- 
argyritv^ or Melanglanz. To find 
the difierence, try the streak on 



ANALYSES OF MINERALS. 


171 


bare plate, a pink-tinged bead 
{trace of Iron) : with pure blue 
H.P. covering the assay, a pro- 
portionately large, pure white, 
metallic ball {very large proportion 
of Silver'). 

84, 72, 8, 238, &c. 

Stephanite. 

Analysis by Jirnno KerL — S 
16-51, Sb lo-'79, Ag 68-38, FeO 
0-14 = 100-12. 

34. Paste on A1 plate (on ac- 
count of metallic lustre, specific 
gravity, &c.), momentary O.P. 

[a] Smell of SO 2 (Salpbnr) : 
metallic sweat {liisnmth) : O.P., 
white subt. volatilising in H.P. 
with garlic smell {Arsenic) : white 
eubt. instantly blackening in 
O.P. {Antimony) : w'ith C slip, 

O. I\, yellow and white subt., only 
darkening temporarily in P.P., 
and scraped off, giving brown 
streaks to B. Acid O.P. {Bismuth), 

{b) Ihjsidue after roasting in 

P. P., powdered, in B. Acid O.P. 
black ()i)aque balls, violet after 
H.P. {Cobalt) : luminous blue- 
green p.c., and blue black opaque 
l)alls with copi>ery suffusion afhir 
H.P. {Copper) : green fragments, 
w’ith wdiite metallic lustre after 
H.P. {Nickel.) 

35. Filings in B. Acid O.P. 

{a) Instaiiiineous, luminous, 

blue-green p.c., with blin-black 
opaque balls, having a coppery 
sulTusion after H.P. {Ctytprr) : 
small, transparent, sago-like balls, 
in semi-transparent viscid matter 
{Zinc) : brown-black opaque balls, 
with rust-like matter {h'on) : 
green fragments with white me- 
tallic lustre after II. P. {Nickel). 

N B. — Instead of “ a trace,’* 
there is 40 per cent, of Nickel in 
Argentine. 


poretdain ; the former gives a red 
streak, the latter a black one. 

{Melanghmz.) 

N.B. — The idea of referring 
from th(i analysis to the streak of 
a mineral is worthy of * * *, but 
not of Mr. H. 


34. A dark grey metallic pow- 
der. (High ISj). Or.) 

(rr) In B nothing notable. In 
open tube, got 80a, As, and trace 
Sb. 

{b) On C a strong smell wuth 
fumes of As, and a sublimate of 
Bi and h>b. 

(r) On C with borax glass, got 
first a strong colour of Uo, then, 
after long blowing, a reaction for 
Ni. 

{d) With P salt a weak reaction 
for Cu. So in this mixture there 
is 

(8, A.s, Sb, Bi, Co, Ni, and Cu.) 

N.B. — Query. How- much loss 
of time iind patience does “ long 
blowing” indicate 


35. An alloy. 

{a) On C got a very strong 
dcqiusit of Zn( >, and the metal 
melted with dilliculty to a bead 
which was rough on the surface. 

{b) In borax glass, got an Fe 
reaction, or only a trace of what 
might be NiO. 

(c) In P salt had a strong re- 
action lor (.^u, so I found only Cu, 
Fe, and Zn ; but the bead of P 
salt w-aa in OF coloured green, 
from the yellow of NiO combined 
with the blue of CuO, so judge 
the alloy to be 

{Aryvntine^ or German Silver.) 
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36. Fragment on A1 plate O.P. 

(a) A considerable white subt. 

•wMch, scraped off, affords small, 
sago-like, transparent balls in B. 
Acid O.P. [coymdcrahlt proportion 
of Zinc) : 

{h) I'owdered residue after 
roasting, in B. Acid O.I’., abont 
two-thirds brown-black opaque 
balls with rust-like matter (about 
two-thirds original powder, Iron ) : 
about one-sixth brown transparent 
balls, eolourhiss after H.P. {about 
one-fiixth Manganese) : 

8, 24,' 72, 238, &c. 

Frankli)iiie. 

Analysis bg Bcrfhier . — Fe 203 
66'0, Mn-Oa 10-0, ZnO 17*0 z= 
99*0. 

37. Powder in B. Acid O.P. 

(ff) Fumes, with choking smell, 

giving sky-blu<3 p.c. on addition 
of CuO O.P. {large proportion of 
Chlorine) : the black, opaque, 
copper oxide balls are partly dis- 
solved, showing presence of much 
alkali, which, as the normal green 
p.c. is unchanged, must be {Tolas- 
sium). Confirmed by violet pc. 
of powder in O.P. 

38. (Seo Analysis No. 22.) 


89. (See Analysis No. 21.) 

N.B. — Mr. H. is more fortu- 
nate in detecting the Copper this 
time, in No. 39, than he was in 
No. 31. 


36. A black mineral, with me- 
tallic glance. 

(a) Infusible. Is magnetic 
after roasting in RF. Dissolves 
with difficulty in II Cl with smell 
of Cl. 

{h) In borax gives Mn and Fe 
reactions. In P salt the same. 

{c) On Pt. foil with saltpetre 
and soda, gives a strong Mn re- 
action. 

{el) With soda on C in HP, 
gives a faint reaction for Zn, so 
the mineral must be 

{Franklin He.) 


37. A white crystalline salt. 

{e() In B gives off II^O, decre- 
pitates and midts ; with KIISO 4 
gives a strong smell of Cl. On Pt. 
wire colours the? flame violet (KO). 

(A) A crystal moistened with 
HSO 4 gives the orange-yellow 
tinge and peculiar smell of chlo- 
rat(^s. 

(The substance is, therefore, 
KCIO 3 .) 

38. A black-grey mineral, with 
metallic glance. 

(cj') Gives a strong antimonial 
smoke, which smells a little of 
As. 

(b) Dissolved in HNO;} and then 
found S separate, and on diluting 
the solution with H^O, got a pre- 
cipitate of ShO On separating 
this, with ILSO4 got a precipitate 
of Pb.SOj, and finally with am- 
monia, the blue of Cu. 

(The mineral is, therefore, Bour- 
nonite.) 

39. A dark grey mineral, with 
semi-inetallic glance. 

{a) In B with good heat, got a 
sublimate of S and nothing else. 
In open tube a smell of SO 2 . 

{b) On C melted to a bead 
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40. Fragment on AI plate, mo- 
mentary O.P. 

(a) Smell of SO2 {Sulphur ) : 

O. P., a copious white snbt. vola- 
tilising in H.P. with garlic smell 
{1 ay' fje proportion of Arsenic) when 
the groat(ir part of the As has 
been eliminutcid by O.P., and 

P. P. applied, an ai)pIe-grcon, 
capillary oxide over the whole 
assay {tay'ge proportion o f Nickel) : 
a slight wiiito subt., which turns 
instantly black in O.P. {a little 
Antimony). 

(i) Powdered residue in B. Acid 
O.P., almost all green fragments 
with metallic lustre after H.P. 
{almost all the residue Nickel) : one 
or two black opaque balls, violet 
after H.P. {trace of Cohalf). 

8, 24, 72, 238, &c. 

Nieeoli te. 

Aywlysishy Berthicr . — As 48-80, 
Ni 39-94, Co 0-16, Sb 8*00,8 2*00 
= 98-90. 



{c) Roasted and tried in borax, 
gives a reaction for Fo. 

{d) In P salt, RF, with tin, got 
CU2O. 

ie) With soda and borax, got a 
bead of imperfectly malleable 
C0})per. 

(The mineral is Stannite.) 

40. A pale ^eddi^h mineral, 
with metallic glance. 

{a) In B gives off As and forms 
a mirror. In the open tube AsCg 
in largo quantities. On C melts 
to a grey bead and gives off lots 
of AsO;!, 

{b) In borax, a reaction for Co. 
Could not see any fur Fe, but 
after a few times treating got the 
Ni reac-tion. 

(c) Tried for Cu with P salt, 
but got no reaction. Thus As, 
Co, and NTi, were found ; lots of 
As, a trace of Co, and much Ni. 

(The mineral is, therefore, Nic- 
colite.) 

N.I5. — Hero we have 0*16 of 
Cobalt obscuring for a consider- 
able time the reactions of 40 c/c 
of nickel in borax. 


To detect Phosphoric Acid, 

41 . Apple-green crA’^sbil from Spain. 

{a) Powder unattacked in B. Acid O.P. As mineral is soft, try for 
SO3 or l\(h. 

(b) Powder fused w-ith Suda on Al plate, boiled, dried, and treated 
in B. Acid O.P., no effervescence (no SOs). White opaque balls unclari- 
fied hy strong 0.1*. (not Magnesia; and therefore Calvium Bhosphate). 

(^;) Balls of {b) just dissolved by adding specks of K Carbonate O.I\, 
ana K Pyrotungstato largely added in H.P., a turquoise blue, opaque 
bead on cooling (large proportion of Phosphoric Acid). Mineral is 
Apatite., and as it generally contains Cl and F — 

(d) Powder with CuO in P. Acid O.P., an azure-blue p.c. {Chlo- 
rine) ; and the bead unrolled from the wire and heated in G.B. with 
a drop of H2O, the neck of the ghiss is dulled {Fluorine). 

Analysis of Apatite . — CaO 60, P»0& 42-26, Ca 3 97, F 3'77 = 101-00 
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To detect Boric Acid.* 

42 . A brownish black mineral (fragment). 

(a) Powder in P Acid, coloured violet with Titanic Acid by H.P., 
on charcoal to prevent loss of volatile constituents, dissolved nearly to 
saturation, but leaving a clear bead. 

(b) Made a bead of Sodium Pyrotitanate by fusing Titanic Acid 
with Soda on A1 plate O.P. until all effervescence ceased. 

(c) Fused {a) and [h) beads together, on C slip, A1 plato, and added 
some drops II«0 ; the mass crystallised a pale but very distinct blue 
colour (3 to 8 c/c Boric Acid). The mineral was Tounnaline : 
the blue reaction (Titanium borate) depends on the well-known facta 
that TiOu “ affords in borax R.F. an enamel blue by flaming,” and “ in 
P. salt a fine violet colour.” (Plattner). Its yellow fragments also, in 
B. acid O.P., become blue in Il.P. See Table 11I.,50'35. 


Table XV. — Of some decrepitatingt Minerals. 


1. Anglesite. 

20. Galena. 

2. Aragonite. 

21. Mendipite. 

3. Barite. 

22. Miargyrite. 

4. Boulangeiite. 

23. Plumbogummite. 

5. Boumonite. 

24. Polycrasc. 

6. Calamine. 

25. Pseudo-malachite. 

7. Caleite. 

26. Samarskite. 

8. Celestite. 

27. 8pani()lite. 

9. Chalcophyllite. 

28. Sphalerite. 

10, Chencviscite. 

29. Stephan it®. 

11. Chrysocolla. 

30. Stolgite. 

12. Clausthalitc. 

31. Triphyllite. 

13. Conicalcite. 

32. Turgite. 

14. Diallogite. 

33. Turquoise. 

15. Biaspore, 

34. Tyrolite. 

16. Erynito. 

35. Vanadinite. 

17. Eulytite. 

36. Wulfenite. 

18. Evansite. 

37. Zorgite. 

19. Fluorspar. 



The above Minerals are to be powdered between agates and made 
into paste with a drop of water, before being treated B.B. on A1 plate 
or Pt wire. 

* See The Chemical News, xlvii., No. 1221, page 186, for the 
rationale of these reactions, 
t Latin crepitatus, participle of crepito, I crackle. 
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Table XVI.— Quantitative Arrangement of 
Silicates, with Types. 

(N.B. — Important Eases in larger ratio, on the left hand.) 


A. 

1. Alummic stilioates^. (a) Andalnsite; (3) Chiastolite; (c) Silli- 

manitc ; (d) Cyanite ; (cj Disthene. 

2. Aluhorisndlc silimitcfi. {n) Oural Tourmalines. 

3. Aluedhic siHraias. (a) Moioiiite ; (h) Ekeherj^ite ; (r) Scapolite ; 

(d) Couzeranito; («?) Scoloxerose; (/) Athcriastite ; (^) Zoi- 
site ; (h) Saussurito ; (?) Anorthite. 

4. A-lucdlnifcrr^h'Wic ailicatm. («) Axinite. 

6. Alucdlchodic silicates^ {a) Nepheline ; {h) Elseolite ; {c) Labra- 

dorite ; Lomanite; (<•) Andosine. 

6. Alufvrric silicates, {a) Staurotido. 

7. AUiferrimagncsic silicates, (a) Gigantolite ; (d) Iberite ; (c) Fah- 

lunite ; (d) Weisaite. 

8. AlnJlwWic silicate, {a) Topaz. 

9. Aluyhichnc silicates, {a) Emerald; (i) Euclase. 

10. AluUthic silicates, (a) Trii)hane ; (1) Tot.-ilite. 

11. Alumagncsic silicates, (a) Lindsayite; {h) Sapphirin. 

12. Alumdgnehdric sUicalcs. (a) Carinthian Tourmalines. 

13. Alumdgnecdlcifcrrie silicates, {o) Clintonitc. 

14. Alumdgnefcrric silicates. [a) Pyrope ; {h) Cordierite ; (c) Poly- 

chroite; {d) Aspasiolite ; (^') Chlorophjdlite ; (/) Bonsdorfiite ; 
{g) Esmarkite ; (//) Prasoolito. 

15. Alumangdnic silicate, [a) Carphalite. 

16. Alupotdssic silicates, (a) Orthose ; (//) Ceylon moonstone; adularia. 

17. Alupotdssif err ic silicates, (a) Retinite ; {0) Pinite. 

18. Alupotdssi/luoliihic silicates. («) Lepidolite. 

19. Alupotdssisudie silicates, {a) Gneiss; (i) Lyenite, 

20. Alupotdssisodifvrric silicates, {a) Perlite. 

21. Alusodicdlcic silicates. («-) Cancrinite. 

22. Aliisodicalcisulphuric silicates, {a) Outremer* 

23. Alusodichloric silicates, (a) Sodalite. 

24. Alasddisulphurie silicates, (a) Nosoane. 

25. Alusulphicdlcic silicates, (a) Haiiyne. 

20. Alumisvdic silicates, (a) Albite. 

C. 

1. Cdlcic silicates, (a) Wollastonite. 

2. Cdlcidluminic silicates. (a) Gehlenite : (5) Humboldtilite ; [e) 

Grossulorite. 
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3. Cdlcidlumdgncferric silicates, {a) Tdocrase. 

4. Cdlcihoric silicates, (a) Danburite ; (/^) Datholite. 

6. Cdlciehromic silicates, (a) Ouvarovite. 

6. Cdlciferric silicates, (a) Hedenbergite ; (b) Molanite. 

7. Cdlcifhrahmiinic silicates, {a) Epidote ; (b) Colophonite, 

8. Cdlciglucijlubric silicates, {a) Melinopbane. 

9. Cdlciglucisbdic silicates, (a) Leucophaiie. 

10. Cdlcimagnesic silicates. («) Diopaide; (3) Diallage. 

11. Cdhimdgndluminic silicate, (a) >®delforsite. 

12. Cdlcimdgndliisodiferrimangdnic silicate. (^) Violane. 

13. Cdlcimdgnefvrrdluminic silicates, {a) Bronzite ; Paulite; Augite ; 

Hypersthene. 

14. Cdlcitnaugdnic silicates, {a) Jeffcrsonite. 

15. Cdlcisodic silicate, {a) Pectalite. 

16. Cdlcititdnic silicate, (a) Sphene. 

17. Cdlcizirconiohic silicate, (a) "Wohlerite. 

18. Cer dluf hr icdlcic silicates, {a) Allanite ; (5) Ortbite. 

19. Childnthdnic silicates, {a) Cerito ; (b) Tritomito. 

20. Childnthdnicdlcititdnic silicate, {a) Mosandrite. 


P. 

1. Ferric silicates. (<?) Anthosiderite. 

2. Fhrdlmninic silicates, {a) Almandine. 

3. Ferrdliisulphuric silicates. (<t) Fayalite. 

4. Fhricdlcie silicates. («) Babingtonite ; (^) Ilvaite. 

6. Ferricdlcidluminic silicate, (a) Iludsonite. 

6. Fhricdlcimagtidluminic silicate. («) Ouralite ; (5) Hornblende. 

7. Fhrichdlucdlcic silicates, (rr) Corine. 

8. Fcrrimdgncsdluminic silicate, [a) Gedrite. 

9. Fhrisndic silicates, (a) Achmite ; (b) Arfvcdsonite, 

\0. Fhrisbdicdlcic silicates, {a) CEgyrine. 

G. 

1 . Glucinic silicate, {a) Phenacite. 


H. 

1. Sydric silicates, {a) Opal; ip) Hydrophane; (r) Tabasbeer. 

la. JBydrdluminic silicates, (a) Pyrophyllite ; {b) I’holerito ; (^?) Hal- 
loysite ; {d) Allophane; (t) Tuesite; (/) ISevros clay; {g) 
Mountain soap ; (A) Smectite; (i) Sinope bol; {j) Meerscha- 
luminite. 

2. Uydrdlubarytic silicates, (a) Harmotome. 

3. Hydrdlucdlcic silicates, (a) Thomsonite ; (5) Mesole ; (c) Gismon* 

dine; {d) Margarite. 
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i. Hpdrdlucdlcipotdssic silicates, {a) Pliillipsite ; {h) Christianitfi ; (r) 
Ciiabasie. 

5. ITydrdlHcdhUodie silicates, {a) Mosolite ; (/>) J^^aujasito. 

6. Hiidrdlufcrrimagntsic {a) ('liloritoid ; (li) Masouite. 

7. Hydrdlmiiaynvsic silicates, (a) Sapoiiito. 

8. Hydrdlumagncsicdleie silicates, {a) Ilonildcnde. 

9. Ilydrdlapotdssic silicates, (a) Agalniatolit(i. 

10. Uydrdlupotdssimaffjiesic silicates, [a) (xiesfu' lvite. 

11. Hydrdlusodic silicates, (a) Natrolite; Mosotype ; (^) Analciiiie. 

12. JSydrocdlcie silicates, {a) Okoiiito. 

13. HydrocdlcialumJHic silicates, {a) Prohiiite. 

14. Sydrocdlcipotdssic silicates, (a) Aj) 02 )hyllito. 

15. ILffdrocdrhoceri ferric silicates, (a) I’yrorthite. 

16- Uydrocupric silicates. {a) Dioidase; {l>) Clirysocolc ; (r) Dillon 
burgile. 

17. ITydrofcrric silicates, {a) HisinjL!forit.o. 

18. Hydrofirralmnimc silicates, [a) Khodalito ; [b) Noutronite ; Clau- 

conite; {d) Thuririj^ite. 

19. ITfplroftrrdlucdlcAaiayncsic silicates, (a) PaluGfonito. 

20. llydroferrichroniic silicates. (//) Wc.lclioiiNkoite ; [}>) Cbrouiocliro. 

21. Hydro ferriaiaynalionivic silicates, liipidolite. 

22. JTydroferrimdyaimauydnic silicates, {(i) (‘ronstodtito. 

23. Hydroinaynesic silicates, (r-/) Villarsite ; (//) Tabr ; (r') Mi'i rsc-baiiin ; 

(yl) Picrosmine ; (r) Sorpontino ; (/) Schiller spar. 

24. Hydronuigncsdluniinic silicates, let) Sapoiiite ; (b) Kamuioici-ito ; 

(r) Cliiiochloro. 

25. ITydromdy Hcsdl aferric silicates, (a) Pennine. 

26. Jlydromayncsi ferric silicates, (a) Baltimorite. 

27. Hydroniclveldlaiiuiijncsic silicate, (a) Pimelite. 

28. Hydrothdric silicates. («) Thorite. 

29. Jlydroziacic silicates, [a) Calamine. 

30. Uydrozh'coaic silicates, {a) Malacoiie. 

31. Hydrozireosddicdlcic silicates, [it) CaUiplcTte. 

L. 

1. Ldnthanyttrdlucdlciferric silicates, (a) Ortliite. 

M. 

1. Magnesic silicates. (a) Peridot; (b) Chrysolite; (c) Forsterite 

{d) Tephroite; {c) Eustatite; (/) ChladniLe ; (y) Steatite. 

2. Magndliipotdssifcrric silicates. [<() IMica. 

3. Magacsicdlcic silicates, (a) Sahlite ; (b) Tremolite; (r) Asbestus ; 

(d) Actinote; (c) IToriiblonde ; ( /’) Pari 2 :a.site. 

4. Mag nic did alum ini c silicates, (et) liucklandite. 

4«. Magnesicdlcifcrric silicates. {a) Ilomblendt?. 
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5. Magneniftrric silicales. {a) Hypersthene; {h) Diaclasite; {c) An- 

thophyllite. 

6. Magnesijluorie silicatcfi. («) Chondrodite ; (/>) Humite# 

7. Miignetitdm ferric silicates, (ff) Titaiiiferous peridot. 

8. Mangdlumimc silivates. (<r) Spessartine. 

9. Maugdnirdlcic silicates, (a) Rhodonite. 

10. Mangdnifcrric silicates, (a) Stratopcite. 

1 1 . Mangdniglkci ferric silicates, {a) Holvine. 

P. 

1. FatassdlHmiuic silicates, {a) Amphigene. 

S. 

1. Stannic silicate, {a) Cassitcrite. 

2. Sudazircocdlciferric silicate, (a) Eudialyte. 

T. 

1. TUdnicdlcic silicates, (a) Keilliauite ; (i) TscLefkmite* 

Y. 

1. Yttrofcrrich'elaufhdnic silicates, [a) Gadolinite. 

2. Yttroferricirdluldncdlcimagnesic silicate, (a) Bodenite. 

Z. 

1. Zincic silicate, (a) Willemite. 

2. Zirconic silicates, {a) Zircon. 

Table XVII. of Typical Mineral Combinations,* 

1. Aluminium. — ( a) With Oxygen; Sapphire. Cormtdam. Iluhy. 

{13) ,, AVater ; lliaspore.Gihlsitc, J'lamlwgifmmiie 

(y) With Fluorine and Soda: Cry(ditcy Vhiolitc (no Sola), Topaz, 
iff) ,, Sulphuric Acid : Aluminilc.^ jLlnnite. Loirigite, Kalonite. 

Mendozite. Tscher)iiigit€^ Pickeringite^ Apjohnite, Bos- 
jemanite. Halotrichite. Copiapite. Voltaitc. 

(t) „ Phosphoric Acid : Targaoise, WarcUiU^ Atiaeolite, 

Childrcnitc, Cirrolite^ Veganiie., Fischcrite, Tavistock ite^ 
AngeHte. Anihlygonite., LazulilCy Calainitv, Barrandite^ 
1‘la mhorcsin i te. 

(?) ,, >Silicic Acid : Cyatiite, And^dusite, Sillimanite, Staurolite^ 

Orthodase. ToarmaUnc, (^V. 

{if) ,, Silica and Water : BholcritCy Meerschaluminiie, Allophane^ 
Kaolin., ByrophiUite. 

(9) ,, Silica and Fluorine : To 2 )az, Pyonite. 

(i) ,, 'Ltii'AdL: Phimbogtimimte. 

* By this term is here to be understood a combination eithcjr 
chemical or mechanical. 
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(c) With Iron : Emery, 

(X) ,, Mellitic Acid : MeUite, 

{y.) Aluminates : Spinel^ Hercynite^ Gahnite, 

2. Antimony. — ( a) Metallic : Native Antimony. 

{(3) With Oxygen : Valentinitc 

(y) ,, Nickel : lireithanpf itCy JJUmannite. With Lime and 

Iron : Ccrvantite. 

(5) ,, Arsenic: Allcm.ontiU\ JJUmannite. 

(c) ,, Silver : DyHcramtey Troimtitty Pyrargyrite, Stcphaniti 

Polyhasitey M iarefyri te. 

(Z) „ Sulphur: Slihnitc’y licrthieritey Zlnkenitey Plagionitr 

Menegh ini ie, S/einma nniie . 

(ij) „ Copper : BournmnlCy 'Petra hedritCy Sandier geritCy ChaJco- 

stihnite. 

(6) ,, Lead : JamesonitCy Bcrihierite, Boulangeritey Hctero- 

morphitCy PtagkmitCy Zinkeniie. 

3. Arsenic. — ( a) Metallic : Native ArseniCy often containing traces of 

Bismuth, &:c. 

(/3) With Antimony : AllemontitCy XTUmannite. 

(y) „ Oxygen: Amcnofite. With Copper: Domcykiiey Ahjo- 

don i te, Wh i tncyi te. 

(S) ,, Sulphur: Itealgar, Orphnent. 

(e) ,, Cobalt Nickel, &c. : Smaltitey MilleriiCy Jeypoorite, 

Niccolite. 

(^) ,, Manganese: Kancitc. 

(?/) „ Silver : Proustite. 

{()) As Acid with Base : ErythritCy Annahergi te. 

4. Barium. — ( a) With Sulphuric Acid : Barite, Baryfoeetrstite, Drefttie. 
{/i) With Carbonic Acid: JUitheriic, Bart/toeafeite, Bromtiti. 

(y) „ Silicic Acid : JParmotomey Breivaterite. 

(0) yy Manganese : PailomelajiCy Braanite, Hnasmannite. 

b. Bismuth. — ( a) Metallic : Native Bisnwth. 

(/3) With Tellurium or Selenium : 'Pt trad y mite , Jostite, Wehrlite.. 
(y) „ Silver: Chihnite, 

(5) ,, Sulphur: Bismut1iiniti\ KareJinite. 

(c) ,, Copper: EmplectitVy Annivite. 

(^) ,, Lead : Chi ciatilc, Kolcllite. 

Ip) y, Nickel : GriiuanitCy itanuncUlrrgitc. 

„ Oxygen : Bismuthoehre, Karelinite. 

(t) ,, Carbonic Acid : Biamuthite. 

(k) yy Phosphoric Acid : Hypochlorite* 

6. Boron. ~( a) With Water : Sasso/ine. 

(/3) With Soda : Borax. 

(•v) ,, Ammonia : Lardei cUite. 

(c) yy Magnesia : Boracitc. 

(1) ,, Lime : BorocakitVy Ilydrohorarife. 

(^) ,, Silica: 'PourmalinCy AxhiUe, JUiUwlite. 

7. Cadmium. — ( a) With Sulphur: Greenoekite, Sphulcrite. 

(/8) With Oxygen : Calamine. 
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8. Calcium. — ( a) With Chlorine : Tachhydrite. 

(/3) With Fluorine : Fluor Spar, Fronopite Yttrocerite, 

(y) ,, Sulphuric Acid : Gypsum, Anhydrite, Foly halite, 

(^) ,, Nitric Acid : Kitrocalci (c . 

(f) ,, Phosphoric Acid : Apatite, Francolite, PyromorphitCf 

KunJcur. 

{K) tt Carbonic A(;id : Calcite, Aragonite, Dolomite, 

{rj) „ Oxalic Acid: Wheu'eUite. 

(^) ,, Boric Acid : Uayesine. 

(t) ,, Arsenic Acid: Fhnrmacolitc, Kiihnite, 

(r) ,, Tungstic Acid : ScJurlitc. 

(X) „ Antimonious Acid : Itonu'itc. 

(/i) ,, Coluinbic A(‘id : Tyrorhlore. 

(v) ,, Titanic Acid : rn'oir.sl ife. 

(^) „ Silicic Acid : Wollastunitc, Augitc, Scapolite, Fhrenhite. 

9. Cerium, Lanthani m, Didymium. — ( a) With Fluorine : Fluo- 

ccrite, Yttrocfritc, 

(/3) With Phosphoric. Acid : CryptoUte, Mnnaz’ite, 

(y) „ Carbonic Acid : J^urisite, Jjunihanite. 

(S) „ U’antalic Acid : Fergusonitc, 

(f) ,, Titanic and Ccdiirnbic Acid : Fuxenite. 

(^) ,, Silicic Acid : Ct rifr, A Ifunifc, Orthife. 

{t}) ,, Silicic and Titanic Acid : Tschcwitniite, Mosandritc, 

10. Chromium. — ( a) Metallic: In Jl/c/cor/e sometimes. 

(/I) With Oxygen and Iron: Chromite. 

ly) ,, Alumina : Chrome Ochre, iratchonskoite. 

(e) ,, Lime: Ourarorite. 

(t) ,, I’otanh and Soda : Fuchsite. 

(Z) ,, ISIagnesia : Spinel. 

( ij) ,, Glncina: Chrysoheryl. 

(0) As Chromic Acid : Vanquelinite, Melanchroite. 

11. Cohalt. — (c) With Arsenic and Iron : Smaliito, Skuttcrudite. 

(jS) With Sulphur and Arsenic : Coha Hite, Jeypooritc, Lmnceiie, 
Carrot He. 

(y) ,, Nickel : Siegenitc, Grimanitc, Linnceite, Carrolite, 

(T) ,, Selenium : Tilkeroditc. 

(a) ,, Manganese: Asbolane. 

IZ) ,, Sulphuric Acid : Itieherite, 

(r/j f, Arsenic Acid : Erythrine. 

12. Coiu'ER. — (a) Metallic: Fatirc Copper. 

(/8) With Ai’sonic : Darwinite, Jhnneykitc, Condurrite. 
iy) >» Selenium : lierzelianile, Fucniritc. 

[d) ,, Sulphur and Iron : Chalcoelte, Jiornite, Chalcopyrite, 

Foulnngerite, (Juhani te, liarnh ardite. 

(#) ,, Zinc, Silver, Mercury, Antimony, &c. : Tetrahedrite, 

Castiliite. 

{Z) ,, Bismuth : Witlichite. 

(y) „ Silver: Jalpaite, Folyhasite, Stromeyerite, 

(0) „ Cobalt: CaroUitc. 

(<) ,, Antimony, &;c. : WiUchite 
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Tic) With Lead : Bournonile^ Alismite. 

(X) ,, Chlorine : Atacamite, .Pereyllte. 

?/i) ,, Sulphuric Acid : CycmosUe. 

(v) ,, Phosphoric Acid : hichethenite^ Thromholite^ Turquoise. 

(^) ,, Carbonic Acid : JiI(dachite^ Chessylite. 

(o) ,, Arsenic Acid : OUrenite^ Chalcophyllite, 

(tt) ,, Chromic Acid : Vanquclinite. 

(jo) ,, Vanadic Acid : Vo/horthite . 

((t) ,, Silicic Acid : Pioptasc, Chrysocolla^ Allophane. 

13. Didymium. — S ee 9. 

14. Erbium. — ( a) With Yttria : Orthite, Gadolinite. 

15. Fia;oRTNE, — (a) With Lime ; I'liior Spur^ Aragonite. 

{(5) With Soda : Cryolite. 

(y) ,, Lithia : Amblygonite. 

(^) ,, , Yttria and Ceria : Yttrocerite^ Parisite. 

(f) ,, Maj^ncsia : Wayneritc^ Chondroditc, Jlumite, 

(^) ,, Alumina : Topaz. 

16. Glucinum. — ( a) With Silica : Beryl. 

(f3) With Jdme and Magnesia : P/ienaMie. 

(y) ,, Tin and Iron : Paclase. 

(5) ,, Chromium (h) : Emerald. 

(c) „ Yttria: Gadolinite. 

(^) ,, MangaiK'se and Sulphur : ITelvine. 

{rjl) ft Soda and Potash : Leacophane, 

{id) ft Alumina: Ch ry sober yl. 

17. GoiiU. — (a) Metallic : Native Gold. 

(/3) With Palladium : Porpezite. 

(y) ,, Khodium : lihodiam Goldy Mexico. 

(6) ft Tcdluriurn : iSylrtmitc. 

(f) ,, Autimoiiy : Grlberz. 

(^) f, Lead, Copper, and Sulphur : Nagyagite. 

18. Iridium. — ( a) With Osmium, Rhodium, &c. : Iridosmine, 

19. Iron. — (a) Metallic: Meteorites^ Native^ ysrith. Graphite. 

(|d) With Arsenic : Mispiihel^ Seoroditi\ Pbar macosiderite. 

(y) » Sulpi.ur; I'yrite, dial opgritVy Kyrosite. 

(o) „ Oxygen : JMagni titv. llemaf itr^ Gotlnte, 

(f) ,, IMagiu'sia : MayntJ'rrrlte., CroHsttdtiie. 

(^) „ Manganese ami Zinc : PraukUnite. 

{r}) ft Ciiromium : Chrome Iron. 

(O) ft Chlorine : Kremersitc. 

h) ,, Sulplmric Acid : Copperas. 

(k) ,, Phosphoric Acid : ]'i riant t(\ Childrenite. 

(\) ,, Carbonic Acid : ChalybitCy llamboldtite. 

{p) ft Boric Acid : Lagonde. 

(v) ,, Tungstic Acid : Wolframite. 

(^) „ 'I’itanic Acid : Jlmrnite, Kibdelophane. 

(o) „ Taiitalic Acid : TaiiiaUte. 
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(ir) With Niobic Acid : Colmnhitc. 

(p) „ Silica : Garmt (iron), NontronitCy Anthoaiderite, 

(a) „ Copper : Cha/t^opi/rite, Boidangeriie. 

„ Silver ; Stvrnbei'i/iie. 

20. Lead. — (a) With Tellurium : Altnilc. 

{(i) With Gold and Silver : SglTamtCy Nagyagiie. 

(y) ,, Selenium : Clansthalitey Bcrzelianitc. 

(ci) „ Sulphur : Gnhnti^ Stcinmimniiey Cidedonite, 

(«) „ Chlorine : 3lvudipitc, MatlocldtCy rvrcyhte. 

{(C) „ Oxyj^en : Blnmhiv Ochre, Plattncrife. 

( 17 ) ,, Phosphoric Acid : Vyromorphite, Plamhoresinite, 

(0) „ Ara(;nic Acid : Mimctitr, Carmine Spar. 

( 1 ) „ Carbonic Acid : CerasilCy Tarnowitzile. 

(k) „ Lime : Plambocalciie. 

(X) ,, Zinc ; Zinc had spar. 

(p) „ Cliromic Acid : Melannehriote, Vauquelinite, 

(v) „ Vanadic Acid : VanadiniiCy Dcscloizite. 

{t) ), Mul ybdic Acid : WUlfeiidc. 

( 0 ) ,, Tungstic Acid : SchecUte. 

(tt) ,, Antimony : Jamesonite, Baulnnyeritey Blemierite. 

(p) ,, Copper : Bunrnonitey Caprophimbile. 

21. Lithium. — ( a) With Phosphoric Acid : Amhlycfonitey Triphylline, 
(/3) With Silica and Alumina: Spodumeriy Peialitc. 

(y) yy Potash : LepidoUte. 

{h) „ Lime : ScapoUle. 

22. INIaonesium. — (a) With Chlorine : Tachydrite. 

{(5) With Sulphuric Acid : Epsnmile, Marlinsitc. 

(y) V ]'h(» 8 phoric Acid : Waynerite, Lazaliley Sordawalite. 

[d) yy Carbonic Acid : MaynesitCy BrennncHtc. 

(f) „ Boric Acid : BorarHc, Sfassfnrthitc. 

{Z) ,, Arsenic A(ad : PieruphariuacidiUy Kuhnite. 

{t}) yy Silica : Tah, Scpiolitc, TourmalinCy Serpentine^ 

{9) ,, Fluorine : Chondrodite. 

(1) „ .iilumina : Spinely Pleonaste. 

23. Manganese. — (a) With Arsenic : Kancile. 

(/3) With Sulphur : AlabanditCy llaaerite. 

(y) „ Oxygen : Pyrolasite, PsiloinclanCy JTamnianite. 

(^) ,, Carbonic Acid : Dialfoyile, Munyanocalcile. 

(e) yy Tungstic Acid : WoJframile. 

{Z) yy Tantalic and Niobic Acid : TantaUtCy Colmnbite. 

{j]) yy Silica, Alumina, Gluciua, &c. : Rhodonite, Helvinc, 

(fj) „ Zinc and Iron: PranJdiuite. {Carpholite. 

(t) „ Phosphoric Acid : TripUte. 

21 . Mercuiiy. — (a) With Selenium and Lead, &c. : Onofriiey Therha- 
chite, Ticmannite. 

{(3) With Sulphur: Cinnabar, Hepatic Cinnabar y 
(y) „ Copper and Silver : SpanioUte, 

(3) ,, Chlorine : Calomel (Bavaria). 

(e) yy Iodine : Coei'inite. 

(Z) ,y Selenium ; Ticmannite. 
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26. Molybdenum. — («) With Sulphur : Mohjhdvmte. 

(j3) With Ox 3 ’'g(in : Molybdite. 

(y) ,, Lead : Wiilfenitc. 

26. Nickel. — ( a) With Aritiniony : Brielhai(ptifr. 

{(3) With Ai-Honic : Aiomlite {Copper Nicker)^ Chloanthite, 

(y) ,, Siili)hur : AJillerilc^ Troiiitc. 

(^) ,, Bismuth : Grimauite, 

(c) „ Iron : Fenllanditc^ Tnnlite^ Pyrrhotite. 

(0 »> Cohalt and Copper : Smalt lle^ Cohaltite. 

(rj) ,, Oxy^^en : Pimcliie. 

w) ,, Carhonie Acid : Emerald Nickel. 

(t) ,, Silica, Mag^nesia, and Iron : Chrysolite, Rnttisite. 

27. Niobium. — ( a) With Iron, Manganese, and Tantalic Acid : 

Coliimbile. 

28. Osmium. — ( a) With Iridium, Rhodium, &c. : Iridosmive. 

29. Platinum. — ( a) With Iridium and Copper : Plaiimridiiim. 

30. Potassium. — ( a) With Chlorine : Syl>'i)ie, Caraalliie. 

(i3) With Sulphuric Acid : AUudte, Poly halite, Voliaite. 

(y) „ Nitric Acid : Nitre. 

„ Silica: Orthoclase, HyakqRiaae, Mica, ApophyUite. 

(«) „ IManganese : GiyantoHie, rsilomelane. 

{Z) „ Magnesia : J^illarsile, Gbsidiaa, Panticc fitone. 

{tj) ,, Lime : Stilbite, Palayonitc, ApophyUite. 

(^) ,, Soda : Albite, Eadialite, Lara. 

31. Rhodium. — ( a) With Iridium, Osmium, &c. : Iridosmine. 

32. Selenium. — ( a) With Lead, Copper, Thallium, <S:c. : Clausthahte, 

Bcrzeli aa i te, Crookesi te, Zory tic. 

{(3) With Mercupr : Oaofritc. Ticmannite, LchrOachite. 

(y) „ Tellurium : Tetrad y mite. 

33. Silver. — ( a) With Gold ; Native Gold, 

{(3) With Bismuth : Bismuth Silver, 

(y) „ Mercury: Native Atualyam. 

((J) „ Anlimony : Pyraryyriic, JHscrasite, Stephanite, 

(t) ,, Tidlurium : Nayyayite, Sylvauite, Ilessite. 

(^) „ Selenium : Eucairiie, .\auma)iuite. 

(*?) »» Sulphur : Aryeutiic, Ikileminzile, Acanthitc. 

(0) „ Bromine and Iodine : Bromyrite, lodyrite, 

(1) „ Chlorine : Keraryyrite, 

{k) „ Arsenic : Proust it e, 

(X) ,, Iron : Steruberyite, 

34. Sodium. — ( n) With Chlorine : Common Salt, Sodalite, Eadialite. 

1(3) With Fluorine and Alumina : Cryolite, Soda, Alum, Chiotite, 
fy) „ Sulphuric Acid : Glauber Salt, Theuardife. 

(d) f, Lime : Glaubcritc, Anak-ime, Gay-Lussitc, Natrolite. 

(f) ,, Nitric Acid : Nitratine. 

IZ) ft Carl)' »nic Acid : Natron, Cancrimte. 

{rj) ,, Boric Acid : Borax, Nayesine. 

(0) ft Silica, Iron, &c. : xllbite, Achmiie, Arfvedsonite, 



184 THE BLOWPIPE IN CHEMISTRY, MINERALOGY, ETC, 


35. Strontium. — ( a) With Sulphur : Cehstine, 

{(S) With Carbonic Acid : Stroniianite. 
ly) ,, Silica : Brew sterile. 

3G. Tantalum Columkium. — ( a) With Iron : Tantdlitej Wolframite^ 
Colurnbite. 

(/3) With Lime : TyrocMore. 

(y) ,, Yttria : Yttroiantalite, Lamarshite, Fergusonite. 

(S) „ Zirconia : WbhleritCy Fukolitc. 

37. TKLLiniiUM. — (a) With Gold and Silver : Sglv anile, Nagy agile, 

{(3) With Lead : Altaitc. 

38. Thorium. — ( a) With Lime: Pyrochlore, 

(/3) With YYtria : Laniarskitc. 

(y) ,, Silica: 'I'horitc, Orangite. 

30. Tiv. — {a) With Sulphur : Siannite. 

(/3) With Oxygen : Cassilrrite. 

40. Titanium. — ( a) With Oxygen : Butilc, Brookitf', Anataec, 

{l3) With Lime : Schorloinite, kSpheno, Fcrowskitc. 

(y) „ Y'ttria : Poh/vrase, Fuxeniie, Yttrotiianite. 

if) ,, Zirconia : (ErstnUUc. 

(f) „ Cei'ia, &c. : Mosaudritc, Tschewlcinite, 

(Z) ,, Iron : Ilmanilv, Iscrine. 

41. Tungsten, — ( a) With Oxj’^gon ; Tungstite, 

{l3) With Lime: ScherJite. * 

(y) ,, Lead : tSeka h ( He. : 

(^) ,, Iron : Woll ranriic. 

(f) ,, YTlria ; Lamarskite, YtirotantaUie. 

if) ,, Tantalic and Niohic. Acid : Culumhite, Tantalite, 

42. Uranium. — ( a) With Sulphuric Acid : Trippeile, Johannile, 

(fi) With Iron, Silic.i, lame, L(\ad, &o. : PUchOlvnde, 

(r) ,, I’hosphoric xVcid : XJramte. 

(e) ,, (airhonic Acid : Luhigitc, Voglit 

(f) ,, Silica : Uranophane. 

43. Vanadium. — ( a) With L(xid : Vanadmite. 

44. Yttrium. — («) With Silica, Glucina, and Iron : Gadolinite. 

45. Zinc. — ( a) With Sulphur: Sphalerite, Przihram Galena, Voltzite, 
(/3) AVith Manganese and Iron : Franklinite. 

(y) „ (Jarbonic Acid : Calamine, Aurivhalcite. 

(5) ,, Silica : Smithsrwile. 

40. Zirconium. — ( a) With Silica: Zircon. 

[The analyst may use thi.s Table (at least) in two ways. He may 
form a typical mineral eahinet from it, in conjunction with the Tables 
given in pages 175, 185, of this work, for which })urpose I can 
honestly recommend the estahlisliment of Mr. Henson, the mineralo- 
gist, of the Strand, London ; or he may analyze any of the minerals 
given, with the view of deteetiinr.thti tyiucal elements here indicated.] 



Table XVIII. — Of the Commoner Colours of some Minerals. 
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Table XIX.— Average per Cent. Composition of some Normal Schistose 

Rocks.* 
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• “ Text-Book of Geology,” Prof. A. Geikie, LL.D., F.R.S., 1882 , page 126 . 
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Tixt-Book of Geology,” Prof. A. Geikie, LL.D., r.E..S., 1S82, page 72. 




The student who wishes further information in this 
matter will find detailed reactions of every metal, &c., 
arranged with a view to facility of reference, in my 
“Alphabetical Manual of Blowpipe Analysis. ’’ Triib- 
ner & Co. 1880 . 



APPENDIX, 


Exercises in the Determination of Minerals. 

The followinrf anali/scs of unknoivn minerals from a Freihcr(j Uni 
Versiti/ Cabinet were published in the. English Mechaxic, ivith a request 
for solutions as to the names of the minerals analysed. 

(N.B. — Alkaline Silicates are the most difficult minerals to analyse 
by the blowpipe.) 


I. Powder in B acid a. (1.) 
Great effervescence, with- 
out smell ; grecin jiyi o- 
cliionu! (p.c.) of B acid 
uiialt('red. 

(2.) Amorphous, opaque, 
white, ro unded frag - 
merits (c.) 

(3.) Mont fragments dis- 
solvcin part to trans- 
parent vitreous mat- 
ter, which flows 
through the bead. 

II. Add a trace CoO (ccdialt 
oxide). (1.) A purple suf- 
fusion spr(\'Hling from the 
black cobalt-borate balls 
over the whole bead. Balls 
not all dissolved. 

III. Add equal proportion of lime 

to original powder, and 
treat tlu; bead i>.B.* (1.) 

The whole bead a milky 
enamel, opaque (c/.) 

IV. Original power in P acid, 

B.B. (1.) Wholly dis- 
solved. 


Sulphuric acid : (Carbonic 
acid turns the green }>yro- 
chrome tcmi>orarily yellow) 

(i-) 

(2.) Alumina : May be glucina, 
or contain a liitlci silica. 

(3.) Prose mce of an Alkali, which, 
as the green p.c*. was un- 
altered, must be potash (cou- 
lirm by II.). Soda yellows 
the green p.c. 

(1.) About 10 per cent, of potash. 
(From 10 to 2') ]>cr cent, of 
alkali is shown by the ra- 
pidity of solution to a blue 
bead.) 

(1.) Large proportion of alumina 
(can’t be gluciua). 


(1.) No silica or zircouia. 


What is this mineral ? 


No. 1. — White, amorphous, friable fragments; soft. 
(!•) 


crime taken by a practised oiierator for producing the abovci reactiong 
— quarter of an hour.) 

* “ B.B.’* = Before the blowpipe. 
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No. 2. — I'ransparent, Colourless, Crj^stalline ; but of no shape; hard. 


I. Powder in B acid. (1.) Trans- 
parent ice-liko mass (a), 
slowly dissolving B.B. (2.) 
Faint yiillow p.c. at first 
from powder at bottom of 
the bead ; but green p.c. 
of B acid unchanged alter. 

II. Powder -4- lime in fresh B 
acid B.B. (1.) Milky in 
part, but wdth lime-borate 
balls, not decomposed. 

III. Added CoO B.B. (1.) Co 

borate dissolved as above, 
or rather more, to purple 
suffusion over tlui bead. 

IV. Fresh powder fused on AL 

jdato, (;rushod, boih^d (/»), 
dried, and treated in B acid, 
containing a trace of phos- 
phoric acid. (1.) Ilnd's- 
eolved, transpfire.nt crystal- 
line mass. (2.) Two minute, 
semi-transparent balls. 


(1.) An alkaline aluminous sili- 
cate. (2.) Trace of soda, but 
greater part of alkali, potash. 


(1.) Not much alumina : about 15 
per cent. 


(1.) About 10 jier cent, or rather 
more, of potash, with trace of 
soda. 

(1.) lifirgo proportion of silica. 
(2.) Trace of lime ; here 
shown iis two calcium jihos- 
pho-borate balls. 


What mineral is this P 


No. 3. — Grojdsh- white, compact, amorphous ; soft. 


I. Powd(TinBacid. (l.)llonnd- 
ish, fringc^d, white!, opaque 
fragments, showing very 
slight vitreous solution in 
be;id; green p.c. unaltered. 
II. Addeid CoO. (1.) Purple* 
suffusion, but only after 
long treatment before the 
pyrocoiic. 

III. Added lime (equal pre)por- 

tion). (1.) ]\Ii]ky, opaepie 
bcaei, but ou vesiculatieiu 
(a.) many white irre'gular 
fragments observed. 

IV. Powder in P acid (n.). (1.) 

Large transparent mass uri- 
dissolved. 

V. Addend CoO to bead IV- (1.) 
Bluish purple. 


(1.) Probably alumina, with large 
pro])e)rti()n of silica, and a 
little potash. 


(1.) Not much i)otash. 


(1.) Largo proportions of alumina 
and (probably) of silica, not 
glucina. 


(1.) Large proportion of silica. 


( 1 . ) Not much alkali . 


"What mineral is this ? 
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No. 4. — Flcsh-whitc Laminjo ; Amorphous, Compact; hardish (r.). 


1. Powder in B acid. (1.) 
Violet p.(\ from jxjwder at 
bottom at first ; ^^roon p.c. 
unalt(T(;d afterwards. (2.) 
Quantity of a:rey opaline 
matter with ealeium-horato 
halls, and semi-trans])arent 
fragments. 

11. Added CoO. (1.) Much dis- 
solved to imrple suirusiou. 

III. A fragment in platinum 
forceps intiimosc(ul and 
frothed up hefore the blow- 
pipe. 


(1.) Considerable proportion of 
potash. (2.) No alumina,; 
much combined water and a 
go<Kl deal of lime ; the rest 
ju-obably silica. 


(1.) Considerable proportion of 
pota.sh. 

It is iTn])Ossible not to perceive 
what mimiral this is. 


No. f). — Semi-transparent fragments ; soft. 


I. Powder in Doric acid. (1.) 
Great effervescence, with 
strong choking smell. (2.) 
Fragments at first, but all 
rapidly dissolved to a clear 
bead, (d.) Green i).c. to- 
tally yellowed. 

11. Added CoO. (1.) Kapidly 
dissolva^d to bliui la^ad. 

HI. Add(Ml lime. (1.) J^luamel, 
milk-white, opaque. 

IV. Took up orig. po\\ d(‘r on B 
acid lu'ad made on (a)j)p(‘r 
wire. (1.) No bluing of 
the brilliant green j yro- 
chrome. 

V. Crush(al bead of IV. with 
fresh poAvder, and hoik'd 
it in a glass bulb- (1.) 
Neck of the bulb much 
attack I'd. 


(1.) Chlorine or fluorine. (2.) 
Large proportion of alkali. 
(3.) Alkali soda. 


(1.) 2o per cent, alkali. 

(1.) Large i)roportion of alumina. 
(1.) No chlorine. 


(1.) Considerable proportion of 
fiuorino. 


It is (piite evident what mineral this must be. 


Kotes. — A. “ Vesiculation, or blowing the small bead into a large 
vesicle or bladder about ,70 times the size of the head, as a glass- 
blower would (devised by me in 1807), is thus performed. The 
operator must have a spare moutli -blowpipe, from which the nozzle 
has been removed, ready at his right baud ; the bead, with contents, 
is taken red-hot from the pyrocone by the li ft hand, and a moderate 
hut rai)id blast sent through tlie platinum wire ring from the jet 
hefore it cools.” (In the prccodiiig volume, at j^age S3, a picture of 
a “ vesicle ” is given ) 
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Tt. To makft a head of phosphoric acid (for which a separate wire 
should })e k« pt, as the least trace of it very much adulterates boric 
acid, rendering? the bead opalescent), a little of the crystalline powder 
which colle(;tH on the sticks should be laid upon the ag'ate slab, a 
very sm^Jl portion taken up on the red-hot rinyf as befor<*, and held 
about an inch from the point of the pyrocone, until sullicient bus 
melt(id on the ring- to form the nucleus of a bead, which may then be 
])lunged^ hot into the powder, ami fused at point of the pyrocone 
without fear of its droppinjg. This is n(?ce8sary from the quantity 
of water contained, which renders tluj bead very fluid until ])roperly 
formed, (lloan Al. plate should he und(u-neath, and the fluid P 
acid (wdiich rapidly cools there) taken up again with a clean penknife 
and rc})l:i('oii ujum the ruig. 

e. '1 he test of “ liardness” is rmade by scraping the mineral with a 
])etjknilV, and ohserving if the powder sounds “ gritty ” or soft hdwcon 
the agates in grindinir. It only r(‘quires to he of the roughest de- 
8(*ription, not as a guide to the analysis, but to namiug the mineral 
atb-rwards. 

— a. The rir.g(>d wire, fixed in the pliers, is ludd for a 
monuait at the point of the; Line pyrocone, wlnao it instantly 
becomes red }u)t. I'ho hot ring is then dip]»ed in a little pile of boric 
acid on one of the (quite c-leati) agate slabs ; a quantity of the flakes 
cf boric acid adlunc to the hot ring, and are fuscal at the point of th(^ 
pyrocone. d'his is rcipoated until Ji transijanait bead, frei; from air- 
l)uhblcs, is produced. A small fragment of the mineral is tluai plac(Ml 
on an agate between the jaws of the force})8 and roughly erU'h(!(i. 
^J’he (joarso powahr is then ground to fine dust l)etwet‘n the agates, 
and a rrry small portion taken up at a time, on one side of tlie Imt 
liead. The result of tr(;atment of this side at the point of the blue pyro- 
cono is then exaniiiuMl through the lens. 

/>. rrcscTK‘(' of sulphur confirnujd by treating the powalcr mix(‘d 
with pota.sli on charcoal before the blovvpi[)e (13. !>.), and placing th(^ 
mass on silver with a dro]» of water, wh(Ui a stain is Ivft on the 

silver. A small proportion of sulphur leav()S a hroivn stain. 

c. If thcr(^ v^'erc any considerable proportion of silica here the frag- 
ments w(;uld ha^'e frimjt'd ah/es^ and not he in rounded masses — a 
formation characteristic of alumina or glucina <)nl 3 ^ Of tluise two, 
alumina deconj])os(iS calcium bfmito (contained transparent halls ibriiiecl 
hy lim(} added D.B.), and glucina does not. Silica or zirconia alone, or 
with a vei-y Hmall proportion of alumina, forms irregular transparent 
fragments with ^harp edges or spikes, unless thtjrtj is a consi(i(;rable 
])roj)ortion of alkali presemf, when thes(; edges ar(^ dissolved in 2 >ro- 
])ortioii to the amount of alkali ])rosent. The presenf-e of a large 
pro 2 >ortioii of alumina may be confirrmal by putting a drop of cobalt 
sfdution on a. fragment, and treating it 73.13., w’hf'ii it turns bine (a 
(iiscovery of (iahn) ; but this test will not answer in the thousands 
of Ciises wbi re tlu-i c is any m(;tallic oxide prc-siait. 

d. This milkiness is easily rlisiinguished (by a lens) from the grey, 
o))alesc,enl , semitrans])arent bead given by lime balls in imistmcc; of 
silica, only in 13. acid, 13. B., in which latter case tluj lime bails are not 
broken uj). 

2tf. d’his pbeiiomtnon is a certain jjroof of the conclusion given: 
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alkali, alumina, and silica shown afterwards separately. h. Tlu^ 
boiling will require a platinum or aluiriiniurn capsule on an iron 
ring with stand, fixed over the blowpipe pyroeone. By fusing and 
]>oiling, you get rid of the alkali, and can then, by treatment in 
]>hospho-boric acid as above, get reaction for traces of lime, Ac., 
i-ontaiued in tho mineral. 


No. (). Yellowish white, amorphous fragments; compact, hut ght- 
leriiig — hard. 

I. Powder in B acid. (I.) (1.) An alkaline aluminous sili- 

Trausparent, ico-lilvo cate, with larg(j proportion of 

mass, not wholly dis- silica. (2.) About o per cent, 

solved. (2.) (rrcicn py- of soda, 

rocliiome nearly yel- 
lowed. 

TI. Added CoO. (1.) Cobalt (1.) About 10 per cent, alkali 
borate lU'arly all dis- (must bt; i)ota.st» also 

solved to ])urj)le suffu- 
sion over the head. 

III. Ad<l('d lime. (1.) (kilcium (1.) Not very much alumina. 

boratc! balls decomposed 
in pait, but milky mat- 
t(!r not (|uit.e oj)a(jue. 

IV. Fragment fused easily be- (1.) Large proportion of silica, 

tore the pyroeone : Pow- No lime, iron, Ttwanganesc, 

dt'rtid, hoiled, dried, and isiv. No ni.'cossil y to try this 

treated B.lb in ■|>hospho- inineial in P acid. 

h'U’ic acid. (1.) .Semi- 

trauspat cut undissolved 

mass. No balls of any 

kind. 

What mineral is this r 

No. 7. Com])act, white, amorphous fr.agments, with vitrooirs lustre; 

VI ry hard (steel of penknife hd't on its sunaec). 

I. Pc>wd(U’ in B aci<l. (1) (1.) Large* luoportion of soda. '2.; 

Strong yi'llow p.c. iroin An alkaline aluminous sili- 

hottom of ht'ad, t'lnd cute, 

green p.c. completely 
yidlowed. (2.) let.'-like 
mass dissolving. 

II. Added CoO. (1.) Croat (1.) .\t least 10 ])er cent. soda. 

]»art of eohalt borah; <lis- 
Holved to purple suffu- 
sion. 

III. Added lime. (1.) Lime (1.) Considerabh' ])ropoitiou of 

balls dee()mpf)S(Ml ; at first alunnna. 

with curdy ]>i‘ecii>itate. 
round them, then coin- 
plotely, to milk-white 
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IV. Orif^inal powder in V acid. (1.) Large proportion of silica. 
(1.) Transpuront mass 
after long treatment be- 
fore pyroeone. 

(]>id not try for lime, &e., as the mineral is evidently a relative of tlie 
lireeeding) . 

No. S. C)n opening this box I could see from the irid('scent ]'lay of 
colours on sc)ine surfaces of the fragments, that the niimual is labra- 
dorite, and as I have Ibinid this to be the ease, and liavt' already given a 
hlowpi]>e analysis of that at page 154 of this wa»rk, I j)ass it by, and 
take insb'ad, a small ]>itK-e of a mineral enclos<‘d in ])a]ier in tlu^ box (of 
which someonehad sent me one or two small fragments), tlesh-colonred, 
eompaet, anior})hous, soft. 

I. Powder in B acid. (1.) 

Ice-like mass not soluble. 

(2.) Yellow p.c. at tirst, 
hut green p.c. not com- 
plex 'ly y('llow(>d. 

II. Added (JoO. (1.) Cohalt- 
bora t(! balls scarcely 
purpled. 

III. Added lime. (1.) Only 
curdy precipitate round 
lime-b.alls. Added equal 
parts of C'laO and original 
powder. (2.) Only milky 
and opaque in part; but 
this head had a trace of 
acid, derived from the 
win? in it. 

rv. F 'us(?d, boiled, and dried 
powd<‘r in fresli B acid. 

( 1 , ) S(?mi t r a n s p a rent 
fragments, some g^diig 
off flint milky streaks ; 
no halls. 

V. Added P acid and fresh, 
boiled, &e., powder. (1.) 

Same as before ; no balls. 

(Unsati^faet''ry ; but think 1 can guess the mineral from these 
reaetiuTis, and its peculiar flesh colour.) 

No 9. — White, opaque, crystalline, fibrous; soft. 

I. Powder in B acid. (1.) (1.) Alkaline aluminous silicate 

U'ransparent, ice -like with considerable alkali. (2.) 

mass, dissolving to clear Over 5 per cent, of soda, 

head. (2.) Green p.c. 
completely yellowed. 


(1.) Alkaline aluminous silicate 
Avith little alkali and much 
silica. (2.) Under 5 per cent, 
soda. 

(1.) Little alkali. 


(1.) Not much alumina. (2.) Not 
much alumina : hut allowing 
for the stat(? of the head, I 
should say about 15 or 10 per 
cent. 


(1.) No lime, iron, &c. ; but I had 
rert/ lilth? of this mineral, 
wishing to ndain parts, and 
was ohlig(?d to fuse remains 
of original powder made into 
paste?, instead of a fragment 
B.B. 
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TI. Added CoO. (1.) Cobalt- 
borate completely but 
not rapidly dissolved to 
suffusion ; not to a blue 
bead. 

III. Added a mixture of equal 

parts of lime and orij^i- 
nal powder. (1.) Milk- 
white, ojjaque, enamel 
be:id. 

IV. Powder of fused fragment 

(fused easily with strong 
reddish orange p-O-) 
boiled and dried in 
phospho-boric acid ; (1.) 
semitransparent mass 
with one or two minute 
colourless balls. 


(1.) Over 10 per cent, alkali, but 
under ‘20 per cent. 


(1.) Considerable proportion of 
alumina. 


(1.) Considerable proportion of 
silica, with a trace (one or 
two per cent.) of lime : no 
iron, manganese, &c. 


What mineral is this ? 


No. 10. — Greenish grey, compact, amorphous ; softish. 


I. Powder in B acid. (1.) 
Paint y(.'llow p.c. at bot- 
tom of bttad, but green 
p.c unaltered after. (2.) 
Busty yiillow suffusion 
over wliole bead, with 
black enamel over wire. 
8.) With much fresh 
} acid and a trace more 
powder, many black 
opaque balls, suiTOundcd 
by yellow suffusion. ( J.) 
V(isieulated, no ice-like 
mass or fragments, but 
one or two larger trans- 
parent brown balls, iron 
borate balls rapidly dis- 
solving. 

II. Added CoO. (1.) Cobalt- 
borate balls, with little 
suffusion, and that pink, 
not purple. 

III. Adiled lime. (1.) lame 
halls not decomposed, 
hut take up the CoO as 
transparent puq)lo halls 
of cobalt- calcium borate. 
Almost im possible to 
vesiculate the bead. 


(1.) (2 ) Trace of soda, but }>ie- 
sence of consid()rable alkali, 
by which iron borate balls 
are dissolved to black enamel, 
•Src. (Ib) Largo projantion 
of iron. (4.) Either a large 
])ropoition of potash or htss 
of some stronger alkali, not 
soda ; a little niunganesf^ 


(1.) Cannot bo potash, yet must 
he considerable alkali present 
to dissolve the ij’on borate. 

(1.) Either no alumina present nr 
the alkali must be lithia. 
probably both. 
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IV. Splintery fragment before 
the pyrocone j)oint. (1.) 
Yellow p.c. but strenhs 
of deep red ; more red if 
the wick of a ])yrolt>gical 
candle is touched with 
the fragment, 
lioiled ])Owdcr of the fusesd 
fragments, dried, and 
treated in fresh 3> acid 
bead. (1.) The whole 
powder, black opaque 
balls with stn^aks of co- 
hering oxialine matter ; 
forming afterwards a pe- 
culiar opal b(iad B.l>. 

VI. Equal parts of boiled pow- 
der and lime added to 
V. (1.) A large, black, 
opaque, cf)nglomcrat(id 
ball, like that afforded 
by (hiyo1init<! to 15 acid. 

VII. Added pf iwder < )f V . t o fresh 
B acid bead containing 
a large calcium borate 
ball. (1.) Tran.sparcnt 
green ball, opa(iue while 
hot. 

Vm. Added potassium ])yro- 
tungstate. (a) in excess 
to head J., 15. j5. (1.) 

A deep turciuoisohlue, 
opaque bead on cooling. 


(1.) A little soda and morelithia, 
hut still not much of the 
latter. 


(1 .) The whole mineral iron, with 
(probably) large ju’oportion 
of ])lios])iiC)ric acid (opales- 
cence) ; a little litbia, and 
traces of soda and manganese, 
for OIK! or two balls wisre 
transparent (i.). 


(1.) Not much information from 
this reaction, exi-ojd the jro- 
bable presence of magnesia. 


(1.) Iron ])rotoxide with a liitle 
magnesia. 


(1.) Large ])roi)ortion of jdios- 
2 >horic acid. 


It is pretty plain now what this mineral is. 


Notes. — a. This salt (an invaluable rofig('nt for phosjdioric acid) is 
thus made : fuse a 2 )oriioTi of potassium carbonate, about the size of 
a large i>ea, on ch?an aluminium plate B.l>., and add tungstic acid 
(a yellow powder sold ch(!aply in small bottles), until ail efhTvescence 
has ceased. The product, a grc'yish wliite mass, is hroken into little 
jiieces and kept for use in a small bottle ; hut 1 ])refer making it 
“ fresh and fresh,” as above described. To use it, the supposed phos- 
phate is first thoroughly dissolved in a 15 acid head B.15. by the em- 
]>loyment of as little ])Otash as possible (a mere ti’ace is sufficient), so as 
to retain a decidedly acid character in the head. Potassium pyrotung- 
state is then fused with this head inside the ])oint of the blue Jiyro- 
<*one ; and if it is phosphatic in the least dt'gree, it will turn a pale 
turquoise blue, and opaque on cooling ; if very ]>hosphatic, it will turn 
a deep blue. 

1 discovered this tost (it is said by some “Ironmasters” lo ho in- 
valuable in detecting traces of phosphorus in iron, which is then said 
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to l)f> ‘S'old short”) in 1874, hy a careful perusal of Plattner’s 
celebrated blowpipe tables (Ib*obirkuiist niit dem 1 jiitbrobre,” Ith Ed. 
18()5, p. 138). In them I saw, under the head of “No. 33, Wolfrain- 
saure ” (tungstie acid), that that substance, added 1>.11. to borax, 
afl’ords only a y(;llow biiad ; hut when added to salt of ])hosph()rus, a 
“ heautitid blue colour.” Soda Ixdng common b) hoih of these salts, 
it is evidently phosphoric acid which causes the blue colour. 


No. 11. — (Ireyish white, compact; amor})hons frai^rnfuts, but 
apparcTitly haviiifi; a rhombic, or rhombo-prisinati'* erystalliiui struc- 
ture; very hard (a j)enkijife leaves steel on surface). 

1. Powd(!r in B acid. (1.) (1.) (2.) Alkaline aluminous sili- 

Eaiiit oran^;e p.c. from cate, with larp^e proportion of 

bottom of bead at first; silica and alumina; a very 

j?re(in p.c. afb'rn’ards iin- small pr() 2 )Oi tion of soda, 

changed. (2 ) Trans- 
' parent and opaque white 

mass, very slowly dis- 
solving. 

II. Added CoO. (1.) (.-obalt (1.) Alkali, probably a small pro- 
borate balls, vorysbcwly jKution of lithia (the potash 

dissolvinj^ to pink^(not sufiiisioii is purph'). 

purple) suflusion. 

III. Added lime. (1.) Milky (1.) Large jmoportion of alumina, 

stn^aks at once ; with and, probaldy, no linuj in 

inon; lime;, bead opaque, mineral (rr). 

milk-white. 

IV. Frau:ment in E.r. (/>). (1.) (1.) Not much alkali. ^2.) A 

Fuses in part, but re- small proportion of lithia. 

mainder dry, exfoliat- 
ing. (2.) Blood-red, hut 
momentary p.c. 

AVhat mineral i.s this 1 


No. 12. — AA'liite, semitransparent, vitreous, amorjdious ; hard (pen- 
knife causes very little powder, hut yields no steel on surface). 

I. Powder in B acid. (1.) (1.) Alkalim^ aluminous silicate. 

Transparent ic<?-like with little alkali and much 

mass, sloirhj dissolving. silica and alumina. (2.) Al- 

(2.) p.c. at bottom of kali lithia. 

bead for a inoiuent, 
blood-red ; a f t e rwa r d s 
griHUi p.c. unchanged. 

II. Added CoO. (1.) Very (1.) Not much alkali, 
slight pink suffusion ; 
hut half the mass not 
yet dissolved (c). 
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III. Added CaO. (1.) Lime 

balls not decomposed, 
but surrounded with 
milky matter, so added 
mixture ((/) of CaO + 3 
times the mineral. (2.) 
Bead, milky and opaque, 
but not all ov(ir. 

IV. Fragment in E.P. (1.) 

Beddish orange at first ; 
})ut (2) in strong 11.1\ 
(c) a pale rose tint. 


(1.) (2.) Considerable proportion 
of, but not ve/y much alu- 
mina. A little soda. 


(1.) (2.) Might be either strontia 
or lithia ; but can’t be stron- 
tia, which forms balls in H 
acid like lime. 


What is this mineral F 


No. 13. Grey transparent jdates or scales, like talc or mica ; very soft. 


(I.) Powder (obtained by rub- 
bing several plat(;s toge- 
ther on a file, and then 
crushing 1 )ctwe(!n agates) 
in B acid. (1.) Blood- 
red p.c. from bottom of 
bead. (2.) Scales (from 
not properly crushed 
powder), surround <ai by 
dirty yellow suflusion, 
all dissolving to \ itreous 
matter, like syrup dis- 
solving in water. Bead, 
dirty yellow. 

II. Added CoO. (1.) All dis- 
solved to pink bead. 

III. Added lime. (1.) Noinilki- 

ness, but bead covered 
with black slagcy ena- 
mel, with (2) white imdal- 
lic dendritic crystal on 
surface. 

IV. A largo scale fused prr .s-c. 

(1.) (black, inagindic) 
and powder boiled, &c., 
in B acid, but many 
scales still present which 
give off a vitreous solu- 
tion. (2.) One or two 
white opaque balls. 

V. Added lime. (1.) Yellow- 
ish white, opaqu(!, ena- 
mel bead. 

VI. Added CoO. (1.) Co bor- 


(1.) Lithia. (2.) Iron, dissolved 
by a considerable proportion 
of alkali, without which the 
scales would be quite insolu- 
ble. 


(1.) About 10 per cent, alkali. 

(1.) Failure to detect alumina, 
which must be present, from 
the mincrul not being pro- 
X^erly crushed. (2.) Proba- 
bly reduced cobalt. 

(1.) Considerable proportion of 
iron. (2.) Trace of magnesia. 


(1.) Large proportion of alumina 
with iron. 

(1.) Presence of considerable pro- 
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ate balls dissolved to 
d(5ep purple suffusion 
now, especially over tbo 
j)latinum wire. 

VIT. Vesiculated bead (O 
breathed on vcsich;, and 
remelted to a bead B.B. 
(1.) Melts with an in- 
t(uise green light. 

YITI. Original powder in Paeid. 

(1.) Large trausparent 
mass un dissolved. 

IX. Bead VI If. crushed and 
boiled with drop of wa- 
ter in glass bulb. (1.) 
Glass attacked and 
dulled in neck of bulb. 


portion ef potash, in addition 
to the lithia. 


(1.) Presence of fluorine ; shown 
here as hydrofluoric acid, to 
wdiicb it is converted by the 
moisture Ifom the breath. 

(1.) Large proportion of silica. 


(1.) Presence of fluorine con- 
firmed. 


This is a most troublesome mineral to handle, on account of the 
difficulty of properly crushing it. Fortunately, its scaly structure and 
reaction for lithia render its immediate identification quite easy. 


No. 14. — White, semi-transparent, amorphous, but with prismatic 
cleavage of fragments on their long axes, (y) — soft. 


I. Powder in B acid. (1.) 
Consideralde efferves- 
cence;, and on raising the 
bead to whit(} heat, great 
and continued ellerves- 
cenco without smell, the 
green jj.c. remaining nn- 
changed. (2.) White, 
opacpio, fringed frag- 
ments ; no solution going 
on. (3.) Bead semi- 
opa(|ue, with grey optilino 
matt(!r. 

IT. Powder made into X)astc 
with equal part of potash, 
and drojj of water, fused 
into a ball on Al plate 
B.lk ; ball crushed, 
boiled, and dried pow- 
der in B acid, B.B. (1.) 
A number of opaque 
white balls, evedving 
quantitiejs of oijuline 
matter, and bubbles 
aniounting to efferves- 
cence. 

111. Fragment gives a pale 
green pyrochi-ome per ae 


(1.) This must be a sulphate of 
some base which retains its 
sulphuric acid with great 
touucity — as barium (//). (2.) 
The reaction of cyanite (a 
silicate of alumina) ; but this 
mineral is soft. (3.) Much 
combined water, (i.) 


(1.) Sulphate of barium, w^hich is 
the only base evolving opa- 
line matter in this way. 
I"! von the fusion with potash, 
&c., was unable wholly to 
separate the Ba and SO;i, and 
as the balls afforded by BaO 
in B acid are transj)arent, 
the opacity is probably duo 
to combiued water. 


(1.) Barium. 
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It was impossible to help finding out (and showing) what this 
mineral is. 


No. 15. — Y(;llowibh white, amorphous, compact, trant- lucent, horn- 
like— solt. 


1. Powder in B acid. (1.) 
Gn at ethir vescen ce with- 
out sniell ; grecui p.e. 
It m])orHrily ydlowa'd. 
(2.) Char balls, giving 
otr dense streaks of opa- 
line' matte'r, which soon 
coah'see into one large 
transparent ball, not 
quite round, showung its 
P]>('cific gravity to be 
liigher than that of cal- 
cium borate. 


(1.) Carbon dioxide, fonnerly 
calhid carl)oni(! acid gas 
(CO,;, tost for S on silver h« re, 
if doubtful of the fact). 

(2.) Barium (confirm hy 111., 
No. M.) 


The dullest student can have no doubt of the nature, and therch re 
the name, of this mineral. 


Ko(<\s . — {(f). Because, if there had Ix'en, W’ith sneh a small proportion 
of alkali unable to dissolve them, milky streaks {of calcium borate 
deeom])os( d by alumina) would have appealed in operation I. Still 
there may be a trace of lime berc^, to lx.'! delected by treating the fused 
and boiled powder in a pbospbo-boric acid bead, .as Ix fort! explained. 

(/>). K. P. lor “ Ellyehnine ])yroehrome'’ (Creek Bllvnc/inion^ii w’ick), 
made by touching the side of the wick of a candle or wdek lamp wdth 
the hot assay u-hile the pyrocone is being }»r<xlueed. 'I’ho whole blue 
p}roeone is then surrounded by a coloured “mantle” of flame of the 
peculiar colour communicated. 

(e). It w'ill be observed that I am not fully carrying out my own 
system, 1’he bead containing the silieious mass should, no doubt, be 
treated B.B. until it is showm absolutely whether the mass is thus 
soluble? or not ; and the sliarj) practitioner will at once si?e here that by 
further treatment B.B. I would probably have obtained more lithium 
borate to act upon the cobalt aftciwards ; but 1 am pressed for time, 
and consider the above sufficient indication for the identification of a 
mineral. 

{(1). The mixture is made wulh a penknife from little heaps on an 
agate slab, and then ground well together by a Buj>erj)lxeed agate. 

(c). II. P. for hydrocarlxmouB pyrocone, signifies that the assay is 
to be held well w'ithin the ]>oint of tin? Vdue pyrocone. 

(/■). There is nothing to indnee this operation here, hut the know- 
ledge obtained from the scaly structure and lithia reaction) that this 
mineral probably contains fluorine. 

(//). hound by trying to slice them with a penknife. 

(A). It is as well to state here that this importHnt reaction (evolving 
sufficient eff'ervescen(!c to suspect sulphuric acid, the presence of which 
is confirmed by further intense treatment before the blowijipo and the 
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ordinary test for S on silver) is afforded l)y no other mineral than 
harite (or “ heavy spar ”), fragments of gypsum, the likest to it, being 
after a time decompos id in B acid B.B. into l)alls of calcium borate and 
bubbles of 8O3. 

(i). Barite is said in mineralogical works to contain little or no 
water; but in B acid B.B. all barium minerals, and even chemically 
pure baryta, evolve copiously this grey opaline matter, which I believe 
to represent combined water. 

No. 10. AVhite, obaque, amorphous, glittering, cryst. struct, (like 
loaf sugar) ; hardish (pf'nknife makes little powder, but leaves no 
steel on surface) ; crushes easily. 

I. Powder in B acid. (1.) Great 
effervesceneti for a short 
time only (#■/) yellowing the 
gv ' 'n p.e. (2.) Transparent 
colourless balls, rapidly 
fusing into one large one, 
not qiiit(! round (/>) opa<iue, 
liot, and evolving only a 
little opaline matter under 
treatment. 

II. Fragment of miiK'ral at point 
of pyrocone. (1.) Yellow 
green p.e. (2.) lied orange 
]).c. in Fi.P. (c). (3.) Frag- 
numt turns green where 
heated. 

There can he no doubt about this mineral. 


(1.) Carbon dioxide. 

(2.) ITobably a combination, or 
rather conjunction, of cal- 
cium and barium. 


(1.) Barium. (2.) Calcium. (.3.) 
Barium manganate (a(;oord- 
ing to Plattner), but no proof 
of manganese here. 


No. 17. AVhite, semitransparent, amorphous, fibro-cryst. structure; 
soft, or very soft, crushes easily. 


I. Powder in B acid. (1.) Bed 
p.e. at lK)ttom of btiad. (2.) 
Groat eflervescenco, grt'cn 
p.e. uncliaugc.d. (3. ) Trans- 
l)arent Iragmcaits after 
long treatment, but one or 
two iniiiutti opaqu(j bulls. 
II. Fragment in E.P. (1.) 
Orange red p.e. 

III. Added CoO. (1.) No solu- 

tion of cobalt boratt?. 

IV. Powder fused with K^O {c) 

on A1 plate, boile<l, dried, 
and treated in Bacid. (1.) 
The w'holo transparent 
balls. (2.) A little grey 
opalescent matter. 


(1.) Lithium or slrontium. (2.) 
{Sulphuric a^hydridl^ {(/). (3.) 
Cannot be aluminium silicate 
containing litliia or strontia, 
because llui mineral is soft, 
and there would be no effer- 
vescciiee. 

(1.) {Strontium. 

(1.) No alkali (no lithiu). 

(1.) Strontium (the red p.e. show- 
ing it cannot be lime). 

(2.) A little combined water. 


What mineral is this ? ( f) 
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No. 18. — Nearly opaque, white, amorphous, hardish ; little powder, 
hut no steel left. 

I. Powder in B acid. (1.) (1.) Strontium or lithium. (2.) 

Momentary rose p.c. from Carhon dioxide. (3.)Stron- 

hottom of head. (2.) Groat tiiim, the horate of which 

hut hrief effervescence, must have a higher sp. gr. 

with temporary yellowing than that of calcium, 

of gre('.n p.c. ( 3 . ) Trans- 
par(;nt halls, larger ones 
not quite round. 

II. Fragment in E.P. (1.) (1.) Strontium. 

Beautiful orange led man- 
tle completely enveloping 
the hlue pyrocone. 

What mineral is this ? 

No. 19. — Pale green (some fragments violet) transparent, amor- 
phous, hut with apparently a cubic angle on one side — hardish. 

I. Powder in B acid. (1.) (1.) Probably lime. (2.) Chlorine 

Slight red orang(; p.c. from or fluorine. (3.) Lime; 

bottom. (2.) Great offer- not baryta or strontia. 

vescence, with slight chok- 
ing smell. (3.) Transpa- 
rent balls, large ones quite 
round, giving off no opal- 
escent rnatti r under con- 
tiiuKid tniatment. 

II. On copper wire with B acid. (1.) No chlorine. 

(1.) No blue p.c. 

III. Bead with fresh powder boiled (1.) Fluorine, 

in glass bulb with drop of 
water. (1.) Neck attacked. 

What mineral is this ? 

No. 20. — Tran8i)arent, lamilar, amorphous, but cleaves in plates; soft. 

I. Powder in B acid. (1.) (1.) Sul])huric acid (confirm ac- 

Great and long- continued cording to note mpra, 

effervescence, green i).c. ; !>. 191). (2.) Lime. (3.) No 

unchanged; no smell. (2.) magnesia. (4.) No ii’on. 

Transparent balls, larger 
ones quite round. (3.) 

Clear, hot. (4 .) Balls 
colourless when cold. 

What mineral is this ? 

No. 21. — Pale (apple) green, translucent, compact, amorphous; soft 
(penknife leaves considerable powder on surface). 

I. Powder in B acid. (1.) (1.) Sulphuric or phosphoric acid, 

Considerable, slow (notlivcly) (2.) Probably a phosphute, 

effervescence, increasing with as sul^jhatos never afiord 
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incroased heat. (2.) Only 
'while opaque fragments alt()r 
long treatment, hut evolving 
streaks of opalescent matter, 
which render the whole head 
opaline after a time. 

II. l\)\s^der fused with K 2 O, 
hoih d, dried, and treated in 
B acid. (1.) Whole powder 
white opaque halls. 

III. Dissolved these hy cautious 
addition of K.^O, and added 
potassium pyrotungstate (//) 
in excess, under 11. P. (//). 
(1.) A tur(iuoisc blue opaque 
head. 

IV. (/) Powder of minciral on the 
copper-wire B acid head. (./) 
(1.) A hrilliant hut momen- 
tary cerulean, or light hlue 
colour. 

V. Powder of mineral with cr 3 ’S- 
tal of P acid, and drop of 
water heated in glass hull). 
( 1 . ) No dullin g of the polished 
neck of hulh. 


those “ streaks,” hut only 
generally diffused, grc}', opal- 
escent matter. 


(1.) Calcium (prohihly) phos- 
phate (magnesium horate is 
similar, hut halls clarified hy 
long treatment). 

(1.) Phosjdioric acid in large pro- 
portion ; hecause part must 
have heen previously' removed 
hy fusion with alkali. 

(1.) Chlorine as copper chloride, 
wliich has a hlue p.c. 


(1.) No fluorine. 


What mineral is this ? 


Kotcfs. — (r/). This reaction constitutes another valuable distinction 
between carbonates and sulj)hates : bubbles disengaged from the latter 
lasting, in (jvery case, fit Icfist double as long as those Irom the former ; 
no cfiihonates of the filk:ilino-earth metals rcfusi^, ;ih far jis I know, to 
siiecdily' separate into halls and bubbles under this treatment, like the 
sulphates of barium and strontium. 

(A). Udiis indicates that the .specific (jravUy of the metal forming the 
Cfirhonjiu; is greater than th:it of those which form pi!rf('et largiT 
spherieles ; as, e.y. ciilcium, magnesium, «S:c. Those halls hidng j ro- 
duced through the law of the cohesion of fluids, larger ones of high 
sp. gr. are not round, on account of the attraction of gravitation over- 
coming that of cohesion ; just as the larger drf)p8 ol mercury, scattered 
on a tfihle, fire not round, while the small otu'S are. 

(<f). It may he asked here, Is not this efiervescenee due to SO 2 , not 
SO:i, as the latter is not known (jiractieally, until hi ri' ])roduccd) in the 
form of gas ? To this I rcjily it is certainly' not SO 2 , which has a pun- 
gent smell, whereas this is odourless. 

(<?). This is the chemical formulfi for potash, used for brevity’s sake, 
as before explained, for the ordimiry' potassium cfirhonali'; as, of 
course, potash only is added h) a head B. P. the C(\ being volatilized. 
I nearly filled my bottle with a jienny'worth obtained from a druggist 
here. It is tested (1) hy boiling in disiilled wat<T, when it ought to 
leave no residue, (2) hy giving a violet }).c. per se B.B., (3) hy not in 
the least altering the green p.c. of B acid B.B. (no sodfi). 
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(D- A “ Mineralopfist ” (who, I must admit, has made correct 
guesses at these minerals hitherto) states that he found stroiitiuia 
sulphate to afford precisely the same reactions in B acid as barite ; 
but if he will be so good as to analyse the former carefully over again, I 
think he will find the differences recorded here between Nos. 14 and 17. 

(y). See note a, !>. 198. 

()/). See note e, p. 202. 

(i). This operation is induced by the mincrnlogiml'knovjloAp^Q that 
this mineral, here proved to be a phosphate of ^tvilcium, generally con- 
tains chlorine or fluoianc. 

One bead ready for use may he kept months for this purpose on 
a roll of ordinary copper wire, jirovidcd the bc'.ad be previously tested 
B.B. to see that it contiiins no chlorine, which is rapidly thus driven 
off’ on account of its extreme volatility. 

Solutions of Preceding Analyses, by 
“M ineralogist.” 

No. 1. appears from the analysis to be a white, “ earthy” sulpbati; 
of aluminium, containing about 10 per cent, of potash. Dana (“ System 
of Mineralogy,” 1877, page G58) gives three such, under the head of 
“Hydrous Sulphat(5s” (combined w'at(;r not mentioned by Col. Boss, 
but no doubt existing in his mineral — viz., Aluminite, Alunite, and 
Ldwigite). Of these thcj first contains no potash, and the last is stated 
to have a pale straw-yellow colour, and to be slightly subtranslucent. 
1 therefore suppose Col. Boss’s first mineral to be “ Alunite.” 

No. 2. “An alkaline aluminous silicate,” containing trachea of soda 
and lime, but chiefly silica with considt'rable alumina, and potasli ; 
“ transparent, cob uiiess, hard.” This com! tution points to feldsjtar 
of some kind or other, or, as Dana calls it, “ (>rt,hoclas(i ; ” and at 
page 850 he gives a list of feldspars in which “ the projkortion of 
soda is much less than that ot potash, from :j*,Tlh nearly all ol these 
contain traces of lime. 1 therefore suppose Col. Boss’s No. 2 to he 
the variety of transparent crystalline feldspar (piohably from 8t. 
Gothard, as he states it is in a Freiberg ('ahiuet) calh?d “ Adularia.” 

No. 8. “A soft, greyish white, conijKict,” aluminium silicate con- 
taining a little p(Hash. Again, Cel. Boss dot s not mention water, but 
it is evident that must be present to make a sili(;ate of the hardest 
substance in the world next to diamond (eorumium) ‘‘soft.” I 
therefore turn to llio “ hydrous silicates of alumina ” in Dana, or 
what he calls tlu; “Margarophyllite” section — i.v.y having a “ pearly ’’ 
lustre. There I find, page 479, “ I’inite,” having a haraiiess of only 
2'5 to 3‘5 ; colour, gre\ish white; lus r<^, hsehle, waxy. In the ])ci- 
ceiitage list of these there is a ratio of mjarly 2 : 1 between the sili<;a 
and alumina, and in the variety called “ Agalrnatolite ” (of which the 
Chinese priests make their gods), a gi'eater proporiion of sili(;a, no 
iron, magnesia, lime, or soda. i wajuld suggesL, therel'ore, that ibis 
mineral is “ Agalrnatolite.” 

No. 4. A hydrous sili(jate of lime witli considerable proportirm of 
])Otash, which “iutuiiK^sces and froths uj) when held per se Ixd’ore the 
hlowpijie.” Ijookiiigin Dana, therefore, among the “Hydrous Silicates, 
Zeolite (from a Creek d( rivation signifying to boil u})) section,” I 
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hit upon the zeolite par excellence called Apophylite ” (from another 
(xreek word sij^nifying to exfoliate or inttimeseo), and find — page 
416— a list of apophy Hites from various localities, wliich yielded (to 
different analysts) on an averaf>^(j Wl per cent of silica, 2o of lime, 5 or 6 
of potash, and 16 of water. Ihitall of th(!se, exc.ept one, t^ontain about 
1 per cent, of ilnoriiH', which Col. lioss does not seem to have detected. 
Is No. 4 “ Apophvlito ” 

No 5 must be “ Cryolite,” the well-known fluoride of sodium and 
aluminium from Crcsenland, Arksut Fiord. 

On the whole, I think C>d. Rosa would do well to pay more attention 
to the “lustre, hardness, and siiecific i^ravity ” of his materi,tls than he 
seems to do. A hotter description of these (he ^ves none at all of 
sp. gravities), combined with the results of his analysis, would very 
mtu'h facilitate ;ind shorttm the work of the student in hunting up 
names. 

No. 6 seems to bo a soda feldspar, containing ahso potash. If there 
was no wat(!r, or v(;ry little, found in it, I shouul be apt to think the 
mineral what Dos Cloizoaux,. aft(‘r the Fremdi mineralogists, cabs 
“ Schorl lUanc ” or Albite, which is (dassed by Dana among the 
“ unisilicat(is,” and analysed (by Drooks) as follows: — SiO) 07’3y, 
Al-*0:i 10-24, Mg 0-61, CaO 0*31, NaoO 6*23, IvoQ 0-77 l00-.i5. 

No. 7, “An alkaline (soda) aluminous sili(!ate,” probably containing 
wat(!r, as the “ice-like mass” contained in tin*, boric acid bead diM- 
solvt'd so rai)idly before the blowpi[)e ; in which case we should have to 
look for it in a mineralogy umhu ihe head of the sod i-zeolites, proba- 
bly anii.lcite; hut really, in the ahsonco of all indications derived from 
crystalliin; form, and th(^ presence o»- absiuice of water, it is hard to say 
wlioro one Nhoidd lo dc for tlui ])rirticul ir species of sin h minerals. Ati 
analysis of “zeolite dure” (or hard zcolit<o of Dolomiiai — i.c , analcin; 
— from Giant’s Caus(;way, is 8:0-.; oo GO, Al-ddi 23-UO, Na-O 14-6 >, 
IloD 7*90= 101 -Id (Thomson). 

No 8 I should say was lleulandite (:), which Ins a ptaniliar “ shade 
of white passing into red” colour, and a hardness of only 3-d; but it 
again has a large jiercentage of water and a con.sid('rahlo amount of 
lime, noithor of wliiea are mentioned by (’olonel Itoss : SiOo, d9-G4, 
Ab..O. 16-33, CaO 7 41, Na.d) MG, K.A) 6*71, J1._>0 11-33 = 99-(il 
(Damoiir). 

No. 9. “ A crystalline-fibrous, soft, white, opaque, soda-alumina 

silicate, with b(;tween 10 and 20 per cent, of sod t, a considerable pro- 
portion of alumina, and a trace of lime.” This description appears to 
me to tally aim >st exactly with that of “Natrolite:” iSiOa, 47*76, 
Al.On, 2d-88, Nad) 16-21. ‘Jl.d) 9*31 (Fuehs). 

No. 10. “A phosphate of iron, with a little manganeso and lithia, 
and a trace of soda.” Looking in Dana, under the h(\id of “ Anhj-- 
drous Phosjdiates” for an iron phos}dva,te with lithia (I should think a 
solution (d‘ this mineral us ful nualieirially), I c aiin^ across the very one, 
“ Triphylite,” page d4 1. Analysis by Fuchs ; !*•..< >:, 11 47, FeO 48-d7, 
MnO 4-70, LiO 3*40, SiOj 0-d3,‘ IIA) 0-68 = 99-3d. 

No. 11. “ An alkaline aluminous silicate, with large im>portion of 
silica and alumina, very small ditto soda, and a little lilliia : greyish 
white, comj)aet, very hard; “ ])rism;itie crystalline structure ” (P) 
This doscripLioii seems to tally with that of the “ bisdicato ” of Dana, 



208 


APPENDIX. 


and the “ silicate” of Pes Cloizeaux and Brooke and Miller — called hy 
the first and last “ spodumene ” ; hy the French mineralogist “tri- 
phane,’’ and hy Mohs “ prismatischer triphan-^path.” [SiOo G5-02 
AI2O3 29*14, CaO 0*/)0, JjioO 5*47, Na^O 0*4G, K2() l>*14 (Ranimelsberg). 

No. 12. Like the al)Ovo but not bo hard, and “semitransparent” 
(? translucent), with less alumina than the first. Probably “petalite.” 
SiOa 72-212, AloQ^i 17*225, Li-O 5*7G1 r^l02-l98 (Arfvedson). 

No. 1.3. “Lepidolite,” of course: from XfTrie a scale, called also 
“ Lithionpflimmer ” (C. Gmelin.) SiOg 4G-23, Al^Oi^ 14*14, FeaOs 
17*97, MgO 4*57, LigO 4*21, KaO 4*90, F 8*10— 100 ((Jiiielin). 

No. 14, stated by the analyst to bo “barite ” or “ heavy spar ” ; but 
I can only say as regards the blowpipe reactions given, that I have 
found “ celestine ” {or strontium sul2)hjite) to beliave in much the 
same w*ay with these reagents, i.c., to “ hold by its sulphuric acid with 
great tenacity ; ” fragments, efferves(‘ing considerably" .at first — more 
with greater heat, but eventually declining to decomi^ose into “trans- 
parent balls and bubbles of SOn” ; but Col. Boss says, “This impor- 
tant reaction is afforded T)y no otht'r mincr.-il than barite.” 

No. 15. Barium carbonate, generally called “ Withoritc.” 

No. 16. A double carbonate of barium and calc-ixim, generally calb-d 
“ barytocalcite ” (or “ alstcmite,” from Alston Moor, in Cumberland, 
the only- locality, I believe). This miner.'il is nni(iue in its way. It is 
only found in one place in the world, and is, 1 think, the only mincral 
in tht! world which assumes a green tint by infU'c? heating per sc. As 
baryta and Mn(.)2 fuse together at high temixeraturo, tlu* mass assum- 
ing a green colour, Plaltner w*as perhaps riuht in guessing the 
presence of a little heterodox manganoso oxide in this mineral. On 
the other hand, muthx^r Jolmston, r)(d(?sso, IliuuT, or Children, who 
analysed it, could find a trace of Mn ; and 1 observe Col. Boss’s 
eystcin does not detect that oxide either. I’rofossor Brush, in Dana’s 
“System of ^linerfdogy,’’ says, “ with th(^ fiiixes reacts for man- 
ganese ” ; but this is a mistake, as the merest trace of MnOa fused with 
soda, alongside the powder of this mim ral fused with soda B.B. on A1 
plate assumes a brilliant green ish-hhic like turquoivSc, whereas haryTo- 
c.-flcite affords a dull, sl.ato-bln<! head, to my* eyes quite different. I 
inelose the two soda heads, and shall R;<;1 obliged if you* will stmd them 
to Col. Boss for his ins])oetion. 

No. 17. Strontium sulphate, or “ ccle.stino.” I maintain, with all 
due deference to Colonel B.'>ss’s note, my opinion as to the similarity 
of the blowpipe reactions of this mitu'.ral and of “ barite.” 

No. 18. Strontium carbonate, calhid “ strontiauit(^” 

No. 19. Fluor spar evidently"; but surely" it afibrds more than “a 
slight choking smell” B.B. (due to disengfigod hy'drofluoric acid), con- 
sidering it confiiins 48*7 per cent, of fluorine? 

No. 20. OypHum. 

No. 21. Cry’stallised calcium phosjdiate, called “ apatite ” hy Werner, 
from aTrarato — I deceive (prohahlv from 87)aiii). 

I was not aware phosphoric acid, as well as sulphuric and carbonic 
acid, afforded cffervescjcnce in boron trioxido before the blow2)ij)o. 
Colonel Boss does not mention the reaction in any of his works on ihe 
blowpipe. 

♦ “ You,” i.e.. Editor of English, Mechanic. 
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N.B. — The references to Table III. aro the Atomic Weights of the metals. 

At pp. 191 — 208 will be found Exercises in the Determination of 
Minerals (p. 191), and solutions of the same by “ Mineualogust ” 

(p. 200). 


A. 

Abicii’s closed mortar, 60 . 

oi>en modification of, 52. 

Absolution bands, 87. 

Acid, Boric (Reagent), 78, 92. 

detection of. Tabs, iii., 11' ; vi., 5. 
Acid, Carbonic, detection of, Tubs, iii., 
12'; \i., 10. 

Acid, I’hosidioric (Reagent), 93, 95. 

detection of, Tabs, iii., 31' ; vi., 38. 
Acid, Sulphuric, deU^ction of. Tabs, iii., 
32' ; vi., 45. 

Acid, Titanic (Reagent), 96. 

detection of. Tabs, iii., 50*35 ; vi., 54. 
Acid, Tungstic (Reagent), 96. 

detection of. Tabs, iii,, 184’ ; vi., 58. 
Agate slabs (aiiparatusj, 49. 

Alnhojidit n, analysis of, 168. 

Alkalies (Reagents), 95. 

detection of, Tabs, iii., vi. 

Alkidine earths, detection of, Tabs, iii., 
vi. 

Alloys, Tabic of reactions of, 105. 

8('paration of metals in, 108. 

A7MmiMi7e, analysis of, 159. 

Aluminixun, detection of. Tabs, iii., 27'5; 
vi., 1. 

Aluminium plate (Support), 30, .36. 

reactions upon, Tab. vi., cols. 2, 3, 7, 
98, 108. 

Aluminous alkaline silicates, Tab. vi., 4S, 
col. 4. 

Analyses, blowpipe, of minerals, 156—174, 
Antimony, detection of, Tabs, iv., D ; v. 
1 ; vi., 46. 

Anvil mortiir, 50, 52. 

analysis of, 173. 

Argentine, analysis of, 171. 


Arrangement of silicates, 176. 

Arsenic, detection of, Tabs, iv., A ; v., 3 ; 
vi., 3. 

Assay squares, 114. 

Auxiliary apparatus, 46, 59. 

B. 

BaCl2, analysis of, 166. 

Ball formiilion in boiic acid, 80, 82. 

rationale oi, 142. 

Balls, inner, formation of, 133. 
rationale of, 143. 

Balls, calcium-borate (Reagent), 96. 
Bauds, absorption, in borate balls. 87. 
Barite, analysis of, 158. 

Barium, detection of, Tabs, iii., 137*; 
vi., 5. 

Basins for boiling over lamp, 54. 
Bergmann’s treatise written by Gahu , 78, 
note- 

Berthierite., analysis of, 169. 

Beiyllinm (see Glucinum). 

Berzelius’s treatise written by Qahn, 78, 
note.. 

oil lamp, 17. 

Bismuth, detection of, Tabs, iv., II ; v., 4 ; 
vi., 8. 

BLick, Dr., his blowpipe, G. 

Blast blo^vpipe, shapes of, 62, 65. 

creates a vortex in air, 66. 

Blower, mouth, 2. 
foot, 7. 
hand, 9. 

Blowing .ai)paratus, how to make, 1. 
Blowpipe air-reservoir, 2, 6. 

Gahn’s, 6. 

Borate, calcium (Reagent), 90. 

Borax (Reagent), Tab. vi., col. 4, 7S. 
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Boric ncid, rein' ions of, Talis. iii. and 
vi., 4. 

detection of. Tabs, iii , 11 ; vi., 6. 
Bottles, oxide (FiR:- ‘2i0, 38. 
water-droppinf?, Ti?. 

CJobalt solution, 5ij. 

Jiournonite, analysis of, 172. 

Box foot- blower, a , 8. 

Boyle, R., mentions the blowpipe in 

IGOO, X. 

Bromine, detection of, Tab. vi., 9. 

Brooke, his piston hand-blower, 13. 
Browninpr, J., of Jjondon, 8.5. 

Bmno Kerl, Prof. V., 152, various analyses 
of, 1.57, 173. 

Brushes, useful, 58. 

Bulbs, glass. 38. 

Burner, heated gas, 21. 

Bimsen, 24. 

0 . 

O.ADMiTTM, detec' ion of. Tabs. v. 5 ; vi., 12. 
Calcium, detection of, Tabs. iii. 40* ; 
vi., 11. 

borate (Reagent). 9fi. 

Calei-sodie erys'nllisation. Tab. vi. 11, 7. 
Calomel, Analy.sis of, 100. 

Calvert, and Johnson. !>9, vn/e. 
Candle-luiii]), how made, 19. 

Candles, pyrologieal, I’l ice He Co.’s, 20. 
Capsules, platinum or fdaminium. 5!). 
Carbon dioxide, {;,arbnnic anliydiide. or 
carbonic acid gas, d(!t(;(!tion of, Tabs, 
hi., 12- ; vi., 10. 

Carbonate pohassium (Reagent), 95. 

Do, sodium Do, 95. 

Cassiurite, fin.alysis f»f, 104. 

Cerium oxide, detection of, Tabs. iii. 94 ’5; 
vi„ 13. 

Characteristic fossils, 124. 

Ch.areoal slijjs (sniipoi t), ;10. 

Chemical water, deteciicai of, T.abs. in. 1’ ; 
\i., 22. 

colours of gems probably due to, 151. 
Childi'eii, J. <j., Ids *• tiMnslation,” 00. 
Chloriue, detection of, Tabs, iii., 35*5 ; vi., 
14. I 

Chlorides, metallic, injure A1 plate B.B., 
Tabs, iv., vi., imtc.. 

Chromium oxide, detection of, Tjib.s. iii., 
52*5; vi., Hi. 

City and Guilds of London Institute, x., 

HOtf, 

Coul-gjis as fuel, 15. 


Cohalt, detection of, Tabs, iii., 58 8 ; vi., 
15. 

Cobaltine alkalimeter, 94. 

Cohaltitc, analysis of, 170. 

Cobalt solution, reactions of, Table vi., 
col. 5. 

Colours of jewels, prrdrible caTise of, 151. 

Coloured flame (sec Pyroehrome j . T..b. 
vi., col. 5. 

Compass, equatorial (to detect iron). 5.5. 

ConduetioTi be at, cause of Ibe aiialyt je.il 
properties of aliiiuiiiium plate, lot. 

Copper, detectiou of, Tabs, iii., (>3 *5 ; vi., 
17. 

Copper oxide (Reagent/, 97. 

Cornwall, I’rof., on Blowpipe Analysis, 
37, 40, 132, 134. 

Corrosive Hublimate, Analysis of, 100. 

(’otta. Von, 118, 

(Joiuiinite^ analysis of, 102. 

Cramer, A., describes Cronsledt’s blow- 
pipe ” in 1737, 77. 

Ororoisite, analysis of, 103. 

Cronstedt misappropriates Von Bvarb’s 
work, ix. 

Grjfolite, analysis of, 159. 

CnO -i Cro();t. analysis of, 1.58. 

Cylindnc.il pyrologieal candles, 21. 

D. 

Dana, Prof. J. D., 111. 

Daniollnnd P(‘rson, 100. 

Deere]dtating minerals, list of, 174. 

Didymium oxide, deteedion of, Tabs, iii,, 
90* ; vi., 18. 

Dilly Brothers, publishers of the first 
work on I'.lowjdixe An lysis, ix. 

Distillation of water in the held, 141 

E. 

Eautii.s, alkaline, detection of, Tabs, iii., 
vi. 

Kllyclmine pyroehrome, explanation of, 

88 . 

Enge.str<im, Von, not the writer of tlje 
ti-eatis • known ns his, ix. 

Kfis^miU', analysis of, 157. 

Erbium oxide, detection of, Tabs, iii., 
112'(!; vi., 19. 

Examlnal ion ol oxides, &c.,in Pt. forceps 
Till), vi., col. 2. 

of oxides on h ue aluminium plat«, 
Tab. vi., cols. 2, 7. 
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Examination of oxides on A1 plate with 
C slip, Tabs, v., vi., col. 3 
of oxides in boric acid, T ib. iii 
of oxides in combination in boric 
acid, 'J'ab. vi., col. 4. 
of oxides wilii cobalt solution. Tab. 
vi., col. 5. 

by pyrothromes, Tab. vi., col. 5. 
of oxides, &c., in P. acid, Tab. vi., 
col. fi. 

of oxides, &c.f in sodium carbonate, 
T.ab. vi., col. 7. 

Examples of mineral analysis, 132, 153, 
154, 15(3-174. 

F. 

Faitleuz, analysis of, 169. 

Fletclier, L., 110. 

Fletcher, T , his h aud-blower, 1.3. 

his porlai)lf ■jei-carner. 22. 

Fluorine, detection of, Tabs, iii., 19‘ ; vi., 
20 . 

Fluor spar (Readout). 96. 

Full, altiTViimum (see Al plate). 
platinuTu, 40, 

Foot-blowciis, liOW made, 7, 

Forceps. 46. 

mafrnetio, 42- 

Fossils, cliiiractenstic, 12-4. 

Foster, Di*. C. Ee Neve, his lamp, 22. 
FronUiniff., analysis of, 172. 

Fnini!, !)0, note. 

Fi’eiber^ nppar.aius, 46, 

qualitafive examples, 166 . 

Freseuius, Prof., 72 
F'uel, eoal-giis as, 15. 

G. 

Gahv the real writer of Berzelius’s and 
Berg-imuni’s trodti.scs on Blowpipe Ana- 
lysis, 7.S, uDie,. 

Gahu. iiivcnlioiiof platinum-wire support 
by, 40. 

his blowpj]>c. 6. 

Gems, cause of colours of, 151. 

Gcni'i al reaclioiis oJ oxides (Tab. vi.),10!). 
piiide lo first operations (Tab. vii.), 
1 10 . 

Geological roek.s, analysis of, Tab. xiii., 
120 . 

subforniatioiis. Tab. xii . 110. 
Geotnelrieal pens as lioldc-. s, 45. 

Gl.'ias Iiiilb or tube liulder, 33. 
apparatus, 55. 


Glass h 1 ? i 1 ). s . .59. 

bulbs or I iilics, 37. 

Glucinum detection of, Tabs, iii., n’2; 
vi., 7. 

3old, ieJeetion of, Tabs. iii.. 196 7 ; vi., 4. 
‘Green, J. C., (School of SeieiiCf?,” 30. 
Griitin, J. J., “ On the Blowpipe,” 60. 
invention of, adopted unacknow- 
ledged, xi, 

Griffin’s G. boiling stand, 24. 

Gutluie, Prof. F., lot, l.»5. 

analysis of, 157. 

Gjqisum (Reagent), 17. 

n. 

nAvn-cnowKRS, how made, 9. 

Gardness, Moh’s scale of, 132. 

Uarkort, an original blowpipe writer, 78 

note. 

Heat, gentle ; curious separation of metals 
in an alloy by, 108. 

TTeusou, Mr., 151, 184. 

ITgt’la, analysis of, 1(51. 

Hopkins and Williams, Messrs., 93. 
f/ iihjierUc, analysis of, 161. 

Hustler, the late W.. 156. 

Hutchings, W. M., his treatise on Al plat 
rciietions, 31. 

Hydrated acids, 145. 

Hydrates, ehernical. 136. 
jrydi’ocarhouou.s p5To(!one, 74. 

Hydrogen, detection of, Tabs. iii..P; 

Hypothesis of pyroerme formation. 61-56. 
of non-furion of aluminium plate, 
100 . 

I. and J. 

iMroRTAN'CB of a knowledge of pyrocone 
Rtrmatioa, 65. 

lufusibility of aluminium B.B. ; cause 
dillcrtuit Iroin that of platinum, 100. 

1 rik eiviser, O?;!. 

Inner balls foimed by silica, 138, 143. 
Institute, Oity and Guilds of London, x., 

note. 

Iiistruineiits {see Auxiliary Apparatus). 
Iodine, defection of, Tab. vi., 24. 

Iridium, detection of. Tab. vi., 25. 
liTin, detection of. Tabs, iii., 56‘ ; ri., 21. 
Jelly formed by silicates in B. acid, Tab. 
vi., 48, col. 4. 

Johnson & jVLilthcy, M ssi-s., 4, 35. 
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K. 

Knowlki>gi of pyiocone etmcttire im- 
portant, fil, 

ot jiyroiopy usttiil ccmmereiuUy, vii. 
KCIO 3 , anaiysifc ot, 172. 

L. 

Tohrndnritr., analysis of, 154. 

I^imps, p^Tologieal, how to make, 15. 
oil, 17. 
candle, 10. 
hot-gas, 25. 
cold -gas, 28. 

Tjiindfiucr, F., on Blowpipe analysis, 72, 
7. ‘5. 101. 

JjO id, detection of. Tabs. iv. F. ; vi., 41. 
Lons(!e, dill’erent kinds of, 52. 

Anioricaii, cheaj), 5:?. 

I^etclicr, J. T., his^mlcauite hand-blower, 

11 . 

Lime, detection of (see calcium oxide}. 
Tabs. iii.. 40’ ; vi., 11. 
inflammation of, with hot glacial P. 

acid, Tab. \i,, col. 0, 11. 
beautiful colom'ed mantle— p.c. pro- 
duced by, 134. 

(Reagent), 9(i. 

Line of blast on surface of pyrocone, not 
within it, G3, Gib 

liines, D, fi-om platinum, not due to so- 
dium, 149. 

spectroscopic, dark, 87. 

Lithium, detection of, Tabs, iii., 7 ’ ; vi., 
28. 

lA)mbardi, W., his hot-gas lamp, 2.5. 
T.ondon, City and Guilds of, x., note. 
Tiorgnette spectrum, 8.5. 

Luminosity in pyrocotios a defect, 74. 
Luminous p.c. of copper in boric acid, 
79. 

l.ycll, Sir C., 119, 124. 

M. 

Maoxksia, detection of, Tabs, iii., 24*; 
vi., 29. 

Magnesium tape (Reagcni), 97. 

Magnet, horseshoe, made of jdiers, 44. 
Magnetic needle ibr iron, &e., ores, .5.5. 
Manganese, detection of, Tubs, iii, 55* ; 
yi., 30 

solution (Reagent), 97. 

Mercuiy, detection of, Tabs 209* ; vi. , 
93. 


Mf'fids ond alloys on A1 plate, 104, 

Miller, W. A., 139. 

Miller. W. H., 1 10. 

JilimetHe, analysis of, IGl. 

Minerals, combinations in (Tab, xvii.), 
17S. 

Mineralogy, pyrnlogical, 110. 

Mines, Royal School of, x., note. 

MisjncTcd analysed, KiO. 

Mu. Co. O., an.alysis of, 1,58. 
Modification of I’latlnev’s mouthpiece, 7 . 

of Ahich’s mortar, 50. 

Molybdenum, detection of, Tabs, iii., .90* ; 
vi., 31. 

Molyhiiite, analysis of, lfi4. 

Mouthi)iece, J’lat tiier’s t mmpet, 7. 
Muspratt, S., his translation of “ Plalt- 
ner,” 70. 

N. 

l^iccolitr, analysis of, 17.3, 

Nicholson, I’rof. II. A., 124. 

Nickel, detection of, Tabs, iii., 58’ ; vL, 

in presence of cobalt , 81 . 173. 

Nicol, J., his mincriilogy. 111. 

Niobium, detection of, Tubs, iii., 94* ; vi., 
34. 

Nitrogen, detection of, Tabs, iii., 14* ; vi., 
32. 

O. 

OnioiNAL writers on blowpipe an.nlysiB 
only four, 78, note. 

O.r. (old O.F.', exact position of, 73. 
Osmium, detection of, Tab. \i , 37. 
Oxides, reactions of. 1’a])s. iii. and vL 
of copper (Reagent). !i7. 
of titanium {Reagent), 9G. 
of tungsten (Reagent), ii6. 

Oxygen, detection of, Tab. vi., 38. 
Oxy-hydiogen pyrocone, 73. 

P. 

Pa KB, blotting, useful, 8^1, 

Pen, geometrical (supi)ort), 45. 

knife (apparatus), ,5.5. 

Penning, W. II., 119, 124. 
rhosphoiic acid, detecuon of in J polite, 
173. 

Phosphoric acid (Rengeiit), 112, note. 

ic:ic1i(tns C)f, 3’al). vi., c<'I G. 
rii'isptioi UB, dcteciiou of, Tabs, iii., 31*; 
vi.,3d. 
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E’late, aluminium (support), 3*’, 

aluminium, reimtioas upon, 138. 
Platinum .spatula, 55. 
tongs (support), 39. 
wire (support), 10, 45. 

D-linos afforded by, 1 19. 
deleetiou ol, Tabs, iii., 137-4 ; vi., 10. 
riattner, C. F., 78, nute.. 

his trumpet mouth piece, 7. 

Potixsaium earbouale (Reagent) 95. 
sulphate (Reagent), 98. 
pyrotuugstate (Reagent), 97. 
detection of, Tabs, iii., 39' ; vi , 28. 
Pufahl, Herr, 1,52. 

I'yi’ochromes, or coloured flames, list of, 
Tab. vi., col. 5. 

cllychnine, to produce. .88, 134. 
I’yroeone.s, structure of, 80, 76. 

I'yi'ological mineralogy, 1 1 0. 

Pyromorphite, aualysis of, 1G2. 

/"yriu, analysis of, 186, 

Q. 

doAUTATivE Freiberg examples, 1.56. 

R. 

REACTio\"fl of alloys on Al plate, I04. 
of metals on ditto with C slip, 108, 
107. 

Richter, Prof,, 166. 

Rhodium, detection of. Tab. vi., 43, 
Roscoe, Prof. Sir 11., 88. 

Royal School of Mines, x., ?tote. 
Ruthenium, detection of. Tab. vi., 44. 
Jiutik, analysis of, 163. 

8 . 

8 AW, charcoal, 54. 

S + As -}- Sb -f Bi + Co + Ni + Cu, 
analysis of, 171. 

Bcliool of Mines, Royal, x., note. 
Scissor-foreops, 48. 

Belenium, detection of, Tabs, iii,, 79-4 ; vi. 
47. 

Bhape of blast in waves over a candle, 62, 
in spirit-lamp flame, 6-1. 

Si!ic,a, detection of. Tabs, iii., 28'5 ; vi., 48. 
Silicates, typical. Tab. xvi., 175. 

certain, form a jelly in B. acid, Tab. 
vi., 48, eol. 4. 

Silver, detection of, Tabs, iii., 108* ; iv., 
M. ; v.. 10 ; vi., 2. 
foil or coin (Reagent), 97. 


Slabs, aga’^p, their superiority to mor> 
tars, 49. 
gla.^s, 59. 

Sodium, detection of, Tabs, iii., 23‘; vi., 33. 
ye!]<iw flame removes op ileseeoce or 
preciy)iiatc caused by platinum yel- 
low flame, 149. 
carbonate (Reagent), 95. 
cc)balt, reactions of, Tab. vi., col 6. 
Solut ion, manganese (Reagent), 97. 

cobalt (Reagent), 98. 

Spimiolitf, analysis of, 170. 

Spectrum flame-lines, 85, 86. 
absorption bands, 87. 
lorgnette, 85. 

S)'h(’lerite., analysis of, 168. 

Stannite,, analysis of, 165. 

Stepkaiiite, analysis of, 171. 

Stokes. Prof. Ot. (3., 143. 

Strontium, detection of, Tabs, iii., 87 5 ; 
vi., 50. 

Structure of pyrocones, (50-70. 

Sublimates on Al plate. Tabs. iv. and v. 
Sulphur, detection of, Tabs, iii., ; vi., 
45. 

Superposition of blast, 63. 

Supports of a.ssays per se, 30-40. 
of reagents, B.B., 40-45. 

T. 

Table of alloys and metals treated on 
aluminium plate, 105. 
assay .squ.arc.s, 1 14 . 
aver.-age composition of some fel- 
Bp.irs, 189. 

avenge composition of some rtickj 
18S. 

cliaracteristie fossil species, 124, 
chemical formulm of salts, I'tO. 
combinations in minerals, 178. 
commoner colours of minerals, 185. 
decrepi biting minerals, 174. 
ft’aclions and percentages, 113. 
general reactions of oxides, 109. 
geological subformations, &o., 119. 
guide to analytic:il operations, 112. 
metals treated on aluminium plate 
with charcoal lozenge or slips,” 
106, 107. 

para genesis of some ores, 118, 
reactions of pure oxides in borio 
acid, 90. 

spectrum flame-lines, 86. 
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Table ol the blowpipe treatment of roehs, 
129. 

typical silicates, 175. 

nseful contractions, fro., 88. 

Tantalum, detection of, Tabs, iii., ir’.7*5; 
\n.,61. 

Telluiium, detection of. Tabs, iii., 128 3 ; 
vi., 52. 

Ti trahedritc, analysis of, 109. 

Tin, detection of, Tabs, iii., 118*; vi., 49. 

Titanium, detection of, Tabs, iii., .50-35; 
vi., 64. 

Tovrinalims analysis of, for boric acid, 174. 

Tubes, body, of mouth- blower, 3. 

Tungsten, detection of, Tabs, iii., 120- ; 
vi., 58. 

U. 

UiUviuM, detection of. Tabs, iii., 120- ; 
vi., 66. 

UjOs, analysis of, 102. 

Uraninite, analysis of, 167. 

V. 

Valextin, W., 140. 

Vanadium, detection of. Tabs, iii., 137'1 ; 
vi., 67. 

Vesiculation, borates made more visibh* 
by, 83. 

■\’on Svarb the writer of Engestrom’s 
treatise, ix. 

his work luisappropriatod by Cron- 
stedt, X. 


Von Svarb the inventor of “ Cronstofli ’b 
blowpipe,” and of using borax, frc., 
77. 

Vortex formed by the blast in stni air, 05. 

W. 

Wad, analysis of, 167. 

^\'i^shing bottles, 57. 

Water, chemie,)!, in calcium hydrate, 136. 
in pure silica, 138. 
in Wavtllite, 151. 

Wheler, Prof. G., 131, 

Wk‘dmann, tK), note. 

Williams, !Mi., 93. 

Wii-es, platinum (support), 40 
magnesium ( Reagent ) , 97. 

IV olf'rainite, analysis of, luO. 

Wollaston, Dr., 57. 

Y. 

YrmiTTM, detection of, Tabs, iii., 617 ; 
ri., 59. 

Z. 

Zeot,itic silicates, analysis of, Tab. vi., 
48-4. 

Zinc, detection of, Tabs, iii., 65' ; iv., B . ; 

V., 14 ; vi., 60. 

ZlncHe, analysis of, 165. 

Zheonium, detection of, Tabs. iiL, 89'5; 
vi., 61. 

Zoisiie, analysis of, 153. 


PhlNTKn UY . 1 . S. VIUTUK A»D CO., UMITED, CITT UOAD, liOKDOir. 



J. T. LETCHER, 

Au'urded in Juternaiionnl Conipriitidn, The Siher Medal of Ihe Snrieft/ of 
A rl.s ; iSi/ree and Jiron::r Mi dnlx of the ]!< pal Cornvall I olplichn w 
lSocie>'(/ ; CeriiJteaU of Md ii y M inimj Jnstilalc f>J (lonin all, t^c. ; 

MAM l'AC Tl'UKU OF 

SCIENTIFIC AND CHEMICAL APPARATUS, 

^|lat|)fmaliral aitir ^lliniag 

SOCIETY OF AKTS lilOAVl'lPE APPARATUS 

ANi> EvKkT IlF.vt;isiti'; fim; i ke in Blow I'jrK, A '-aeysis. 

Sole Maker in Great Britain of Rosp^ s Pyiolog^ical Appa- 
ratus, and Campbell’s ProspecLor's Boxes. 


prices of Blowpipe apparatus. 

Jlofift'd J'ywloftlral Apparaiusy £3 10.v, CanijihrlVs l‘vos]iicfi>d s Cases, £•> 
Siadenis' Cases, KKv. Otl. Socuiij of A els' Cases, 21s'., 32y, iyl., and 42''. (id. t 


hr 


■ixss, 4tl. e.ii 


Iloss’B Air IleKcrvoir Blowpipe \\ini pTi'tmnin nozzlp 
,, ,, ,, with tii'Jiss uozzif 

ri.ittucr’s best iiiado., •wilh platinuiii jet 
Bimbs, iis ill Society of Arts' sets . 

Blsick ilMjK'iimcd 

lilowjjjpo Nozzles 

Mouthpieces 

Air Keservoivs . . 

(-Jveasc T.umps, ns iii Society of Aits’ c.:ib<>s 
B erzelius Jiaivip \()il}. ou foMi' p stniul (Fig. 14 
Jet Ktaud Cold (his lifinip (Fig. 23) 

Ivombniili LiMiip (h'ig. 21) 

Sjiii it Lamps, till or glass . 

W'ick for Lamp .... 

H and llellowB .... 

Foot Bellows .... 

Bunsen Bumers .... 

Bose Bniner.s for Biinpeus . 

Boss’s Aluininiiiiu I’lateN (Fig. 2f>) 

„ Plate Holder 

Letcher’s TJniversal Motion Blowpipe StaiK 
„ ,, Holder 

Charcoal 

„ Paslih's 

,, Saws .... 

„ Borers .... 

Boss’s Steel Anvil Mortar (Figs. AS, GO), w 
riatiuuin P\)rcei)s (Fig. 32) . 

„ AVire, Hue . . per inch, 

„ Foil, 2 in, by 1 in. 

,, Si)Oons 

Agate Slabs (Fig. 50). Quotations per 
2), ins. square .... 

Pliers, forming horseshoe magnet (Fig. 41) 

I’liers, ordxuaiy .... 

Nippers 

Porcelain Boiling Dishes 
Holders for Dishes, &c. (Fig. 04; 

Test-Tube Holders (Fig. 31) 


Id. 


ell made 


. . . each 

. «‘a(th 
. . . each 

. each 

Od. e.' fh; per doz. 
ich ; pla.iuuin, eacli 
. each 
. per doz. 
. each 
. each 


. from 
per yiud 


21 s. to 
. each 
. each 
. each 
. . . each 

, each 
. each 
r 8ti{?k, 2d.. 4d., and 
. j'er gros.s 
. each Od. to 
!ach. Is., 2s. Oil , and 


. each 38. to 
Rovss’ fctandard, 4d ; per oz. 

Is each ; per oz. 
each 28. Od. to 
1 in. squai'C, Os. per pair’; 


. from Is. Gd. to 
. Irom Is. to 
. 2s. 6d. to 
from 3d. to 
. each 
2d. to 
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9 
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4 

6 
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4 

6 

0 

0 

6 

0 

3 

0 

0 

1 

0 

0 

4 

6 

0 

3 

6 

0 

3 

6 

1 

16 

0 

1 

IG 

0 

0 

5 

0 

0 12 
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0 

2 

G 

0 

3 

G 

0 

4 

G 

0 

1 

0 

0 

0 

4 

0 

0 
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PrtrciS of JSIoiDptpt 


Ma^ifjdng Glasses (Figs. 61, (W) 

Knives 

hcisBors 

Roissoi'-ForeeiJs (Fig. 4S) . . . . 

Lead Measure 

Silver Measure 

llrushes (4 assorted) 

Mixing Dislies 

Blue Glass Slips 

Soft Tubing 

Combustif)!! Tubing (very thin, ol‘ finest quality) 

Closed Tul)e.s (J‘ig. 21)) 

I'est Tut)es, tiora 

Dropping Bottle 

Wash Bottle 

Magnetic Needles 


Is. to 
iJs. to 
6d. to 
2 b. to 


£ s. d. 

0 a c5 
0 4 6 
0 3 6 
0 4 6 
0 0 9 


ea ch 1 s. to 
. 2d. each ; per doz. 
. . . per lb. 

. . . per lb. 

3d. per doz. ; per gross 
per gi’oss 


0 10 6 
0 2 8 
0 
fl 
8 


. Is. 6d. to 
each Is. to 


7 0 
1 0 
2 0 
3 0 


REAGENTS. 


Calcium Borate, in bottles . 
Cobalt Nitrate, pure 
Stick Glacial Phosphoric Acid 

bottle, of beads 
Soda (carbonate, pure . 
Potiish Carbonate, pure 
Magnesium Ribbon 
Boric Acid, fused . 

Cupric Gxide .... 
Mangnne^e Sulphate 
Tunstic Acid .... 
Titanic Acid, pure . 

Bi sulphate of Potash 
Iodide of Potiissium 
Bydric Potassic Sulphate . 
Fluor Spar .... 
lutnius I’aper, red and blue . 
Tin meric I’aper . 
Brazil-wood Paper 


each 8d. to 

per oz. 

per oz. 

Pink with cobalt, to test for Alkalies, per 

Is. to 

4d. per oz. ; per lb. 

8d. per oz. ; per lb. 

Cd. per yard ; per oz. 

per oz. 

Is. per oz. ; per lb. 

Is. per oz. ; per lb. 

Is. 6d. per oz ; per lb. 

8s. i)er oz. Ti Go (Rutile i ; per lb. 

. . . . 2 tl. 1 ) 01 ’ oz. ; per lb. 

2b. per oz. ; per lb. 

Sd.pcroz. ; per lb. 

2(1. per oz.; per lb. 

2(1. per book ; i)er doz. books 
. . . 2(1. per book ; i)er doz. b(H)ks 

. . . 3d. per book ; per doz. hooka 


0 10 
0 1 6 
0 0 6 

0 2 0 
0 3 0 
0 6 0 
0 8 0 
0 6 0 
0 10 0 
0 10 0 
0 15 0 
0 4 0 
0 1 8 
10 0 
0 8 0 
0 16 
0 2 0 
0 2 0 
0 2 0 


COXTEKTS OF RoSS’.S PYliOLOGlCAL CaIUXETH ; — 

Ross’s Blowpipe, Oil Lamp on Stand, Spirit Lamp. Anvil Mortar, riatinura 
1 oreeps. Steel Foiccps, Aluminium I’late and Holder, Charcoal Klips, 

1’ atiuum Wire, Agalo Slabe, I’liers, Tube Holder, Magnifier, Charcoal 
S w. Magnetic Needle, Knife, Slip of Blue Glas-s, Chjsed Tulx-s. Glass 
T( bins'. Iteagents: — Nitrate of Cobalt, Stick (Racial Acid, Carbons te 
of Soda, Carbonate of Potash, Lime, Tunstic A(!id, llutih;, Bisulphcte 
ot Potasli, I’olassic Iodide and Suljdmr, Litmus Paper, Turmeric Paper, 

Brazil-W(jod Paper, Maguesiiiiu Ilibbou 3 10 0 

Letcher’s Mineral Set, containing 4 doz. Sample Minerals in case for Blow- 
pipe Work • . . 0 1.5 0 

Case containing 18 of the Rare Minerals or Salts . . . • . .112 6 


Balances and Weights of every Description. 

Every JieqU! site for I’yrotoyical B <jrA supplied to order. 

Metals, Alloy.s, Salts, Oxidc-s, Sulijhides, and Minerals always in stock for practice. 

In submitting this Catalogue, J. T. L. rescrv'cs tlie right of sliglitly modifying tlie 
piiccs quoted if necc^ssary. 

Every kind of Scientific Apparatus and Instruments supplied to order. 

WHOLESALE & RETAIL. Catalogues and Terms on Application* 

GREAT CARE always exebciseuin the Execution & Dispai cii ok Fokeion Oiiiu.iis 


J. T. LETCHER, TRURO, CORKWALZ.. 



BOOKS ON MINING, METALLURGY, ETC. 


Just published. Small Crown 8vo, 3s. Cd. cloth. 

THE PROSPEOTOR’S HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal- Searing or other 
Valuable Minerals. 

By J. W. ANDERSON, M.A. (Came.), F.G.S. 

THIED EDITION, BEVISED. WITH ADDITIONS. 

Summary ok Conj knts. — Chapter I. IVospeetintr. — II. Rocks.— 1 1 1 . Testiner Minerals 
by tlu' Rlowpipc'. — 1 \ . Tlie Character ol .Miner.als. — V. IMi tals and Mirtallic (.)res ; their 
Ch.'iractcristit s, I'estinj^, Occurrence. &r. — VI. Other uselul IMiin rals and Ores.— -\ II. 
Coin))OsiTion ot Various Kocks. — VIII. Testin^j by tlie Wet l^rocess.— IX. Assay of 
Ores. — .\. .Snrveyinjr, AjjjXMulix, Taldes. Wei^^hts, ^Measures, &c. — Ohjssary of 

Terms I’sed in Connection witli I‘rosj»ectint^, Mineralo^-y, A.‘^.sayin;i. &c., Ike. 

“ Will supply a niuch -felt want, especially amon*; Colonists. The Author has placed 
his instructions before his readers in the pl.ainest jjossible terms, and his book is the best of 
its kind.*’- ■ 

“ How to find commercial raim'r.als, and how to identify them whi n they are found, are 
the leading; ]>oints to which attention is diiectcd. I he Author has m.inaLjed to pack as 
much jjr.ictical di'tail into his pages ;is wotdd sujtply material f(;r a book three times its 
size.” — Al/f / / y/.V JoJi rn(i /. 


Just Published, with Numerous Illustrations. Crown 8vo, price 7s. 6d. cloth. 

THE METALLURGY OF GOLD. 

A FRA CTICA L TREA TISR 

^I)c ^i^ctaUarijical treatment of (?>ol6-5carin^ (^rcss 

I.NCI.fDlNG 

THE PROCESSES OF CONCENTRATION AaND CHLORINATION 

AND 

THE ASSAYING, MELTING, AND REFINING OF GOLD. 

By KISSIoER, 

KOK.MKRI.V AS.SI.stANT A.SsAVKK OK THE I'.S. MINT, S.\N KR ANCISCO. 

.Super-royal 8\ o. Cpw.nds of o^o ]>ages with 2 Illustration.^, {ji 2s. cloth. 

BRITISH MINING. 

A Treatise on the History, Discovery, Practical Development and Future Prospects of 
Metalliferous Mines in the United Kingdom. 

By ROBERT HUNT, F.R.S. 

Keeper of ATitiitK^ Records ; Editor of “ Errs ]}ictiouarv of Arts, Mauufactures, 
Alines, l-^eA 

SECOND EDITION. REVISED. 

“ One of the most valuable works of refenmee of nuxlern times. Mr, Hunt, as keeper of 
mining records of the United Kingdom, has h;ul oiiportunities for such a task not enjoyed 
by any one elsi-, ,ind h.as ev dently m.ide the most of them.” — /w/ev’y/i cy /’y/.g, 

“ A m.iss of information not elsewhere a\ .lil.abie, and of the grc.atest valm-.’’ — Enf^ineer. 
“A sound, busines.s-like collection of iiitcrc.sting facts. Likely to com ey more instruc- 
tion upon the subject than any work hitherto published.” — Alininj^ fourual. 


London: CROSBY LOCKWOOD Ik SON. 7, Stationers’ Hall Court, E.C. 



BOOKS ON PRACTICAL MINING, ETC. 


Fourth Edition, Revised, Crown 8vo. Price 12s. 6d. cloth. 

A TREATISE ON 

METALLIFEROUS MINERALS AND MINING. 

By D. C. DAVIES, F.G.S. 

OTttib l^uulrrrlf aiitr dTortP-rtfll^t OTanlr C^itjjrabmgiS. 

SUMMARY OF CONI FNTS. 

Materials of which the Earth is made. — Clas.'iification of the Deposits of Metalliferous 
Minerals. — Metallic Conter^ts of Lodes. — Second, Third, an<l Fourth Classes of Mineral 
Deposits. — Oold (0 chapters). — Silver ( t chapters!. — Copper (6 chapters). — Tin (3 chapters). 
— Lead (4 chapters). — Zinc. — Iron ( 3 chapters). — A'arioiis ]\I<‘t.iIs. — On the I >iscovery and 
lTovijij4 of .Mities. — On the Working" of Metalliferous Mines (4 ch.ipters). — On the 
Dressin}^ of Met.illic Ores (2 chapters). — Hydraulic' Cold Alining;.— Sundry Particulars 
of AV'ork and Costs. — Gener.il Considerations. — Index. 

“ d'hc most e.xhaustive and most practically useful work we have seen ; the amount of 
information fjiven is enormous Neither the pr.ictic.il miner nor the fjencMal n'ader 
interested in mines can have a better book for hi.s coinp.iiiion and his ijuide.” — 
Journal. 

“ As a histtiry of the present .state of niinin{4 thronfrhout the world, this bor)k has a 
real v.'ilue, and it supplies an actual want, for no such informati<m has hilhe.rto been 
broufilit toL’'eth(‘r within sucli limited space."’—, lihrna’n nt . 

“The \<ilunie is one which no student of miiier.ilo^y should be without .’’ — Colliery 
GttarJian. 

Ey the same Author, uniform with the above. Second Edition Price 12s. 6d. 

A TREATISE ON 

EARTHY AND OTHER MINERALS AND MINING. 

Cilitlj (LS:looli CnjjrabingS. 

SU.MMARV OF CO.NTKM S. 

P.\RT I. Silica — Alumina. — Lime. AI.i trnesi.i. — Gliicin.a.— Zirconia.— Thoria. — AVith 
soriUf of tluiir combinations. I’.aicjII. Chloride ot .'sodium (C.'ominon .Salt). - Nitrate of 
Soda. — Uorax. — liaryta. — Gypsum. — .Alum Shale. — Pnospliatt* of Lime. I’.Mcr 111 . Carbon 
and Comjjound.s of Carbon. .Sulphur. J*AWT IV'. Arsenic.- Cobalt. — .Molybdenum. — 
Antimony and AI.in>>aMese.— Classified T.ist of Mineral Substances. 

“ Tlie bonk is clearly tlu* result of ni.iny t'ears’ careful work and thought, and we 
should be inclined to rank it amonjr the very Im^l <»f the h.iiidv technical and trades 
manual.s whir li ii.ive ri ceritl}' appeared."’ — /t’ril/s// IJuarln I y /w-r /rre. 

“ The subject m.atter of the volume will be found of Inub value by all — and they ore a 
numerou.s class— who trade in e.irthy minerals.” — ^lihritiOma. 


Ju,st puidished. .Second lidition, Kevi.sed. Sm.ill Crown 8vo, 2s. 6d. clotli. 

NOTES AND FORMUL/E FOR MINING STUDENTS. 

By JOHN H. MERIVALT;, M.A. 

Prnfrs^or of Mining in the Durham College of .*iriencr, A’r-:oeaslle-u/>on- Tvne. 

“ Inv.duable to anyone who is workinj^ up for an examination on mininir subjects.” — 
Coal and I run J radrs /»V;''/cre. 

“ llir anthoi has done liis work in an exr eedin^ly crei’iit.ilde manner, and lias prodnred 
a boerk th.il wdl be of scr\ u i- to students, and ilurse wiio ai e jrrac tu ally enj^a^cu in luininj; 
operations. ’’ - I'. ii,i^ineer. 

“ A vast amount of t. ( linical matter frf the utmost value to iniiiiii}^ engineers.” — School- 
maiiter. 

Lo.nuo.n: CROSLY LOCKWOOD & SON, 7, -Sj axiu.ner.s’ IIael Court, E.C. 



WORKS OK MINING^ MINERALOGY, ETC. 


THE MINERAL. SURVEYOR AND VALUER’S 

COMPLKTE GUIDE. By William Linjkrn, Mining and Civil 
Engineer. Second Edition, with Appendix on Magnetic and Angular 
Surveying. With four Plates of Diagrams, Plans, &c. 4s. clotli. 

THE RUDIMENTS OF MINERALOGY ; a Concise 

View of the Projjcrtics of Minerals. By A. Ramsay, F.G.S. Third 
Edition, R^evised and Enlarged. With Woodcuts and Steel Plates. 4s. 
cloth. 

RUDIMENTARY TREATISE ON GEOLOGY; 

Physical and Historical. Partly based on Major-General Porilock’s 
“Rudiments of Geology'.’* By Ralph Tate, A.L.S., F.G.S., &c. 
5s. cloth. 

SUBTERRANEOUS SURVEYING, with and without 

the Magnetic Needle. By Thomas Fenwick, Surveyor of Mines, and 
Thomas Baker, C.E. lllusiraicd. 3s. cloth. 

A MANUAL OF MINING TOOLS. For the Use of 

Mine Managers, Agents, Students, &c. By William Morgans. 
3s. cloth. 

ATLAS of Engravings to illustrate the above, containing 235 

Illustrations, drawn to Scale. 410, 4s. 6d. cloth. 

MANUAL OF THE MOLLUSC A : A Treatise on 

Recent and Fossil Shells. By Dr. S. P. WooinvARO, A.L..S. With 
Appendix by Rai.ph Tate, A.L.S., F.G.S. With numerous Plates and 
300 Woodcuts. Third Edition, crown 8vo, price 7s. 6J., cloth. 

GRANITES AND OUR GRANITE INDUS- 

TRIES. ity G. F. HarRT'', E.G.S., Membre de la Socieie Beige de 
Geologic, Sec. With lllustiations. Crown 8vo, 2s. 6d. cloth. 

METALLURGY OF IRON. Containing History of 

Iron .Manirtacture, Methods of Assay, and Analyses of Iron Ores, 
Processes ol Manufacture of lion and Steel, &c. By H. BaI'erman, 
F.G.S. Eifih Edition, Revised and Enlarged. 5s, Od. cloth. 

MINE DRAINAGE. Being a Complete and Practical 

Tieatisc on Direct-Acting Undergjound Steam Pumping Machinery. 
By Stephen Micheli,. 8vo, 15s. cloth. 

COAL AND COAL MINING. By Warington W. 

Smvi'h, E. K.S., iltc.. Chief Inspector of the Mines of the Crown. 
Sixth Edition, Revisel and Erdarged. 4s. cloth. 

PRACTICAL TUNNELLING. By F. W. S/mms, F.G.S., 

M. Inst. (J.E. Third JMition, Revised and Extended by 1 >. KlNNEAR 
Clark, M. Inst. C.E. Imp. 8vo, with 21 Plates. 30s. cloth. 

A FIRST BOOK OF MINING AND QUARRY- 
ING, for Primary Schools and Self-Iir>triiction. By J. H. Colllns, 
F.G.S. Second Ediiitni, with additions, is. Od. cloth. 


Igndon: CROSBY LOCKW'UOO & SON, 7, SiationiiRs’ Hall Court, E.C. 



PRACTICAL ENGINEERING BOOKS. 


LOCKWOOD’S DICTIONARY OF TERMS DSED 

IN THE PRACTICE OF MECHANICAL ENGINEERING. 
Comprising iipM’iirds of 6,cxx) Definitions. Edited by A Foreman Pat- 
TERN-Maker, Author of Pattern Making.” Crown 8vo, 7s. 6d. cloth. 

THE WORKS’ MANAGER’S HANDBOOK OF 

MODERN RULES, TABLES, AND DATA. For Engineers, Mill- 
wrights, Boiler Makers, Machinists, &c. By W. S. Hutton, C.E. 
Thiid Edition, Revised, with Additions. Medium 8vo, 15s. cloth. 

THE PRACTICAL ENGINEER’S HANDBOOK. 

A Treatise on Modern Engines and Boilers, Marine, Locomotive, and 
Stationary. By W. S. Hutton, Author of “ The Works Manager’s 
Handbook for Engineers,” dT*c. With upwards of 370 Illustrations. 
Second Edition, Rcvi.sed, with Additions. Medium 8vo, 18s. cloth. 

THE PRACTICAL MECHANIC’S WORKSHOP 

COMPANION. By William Templeton. Fifteenth Edition, Revised, 
Modernised, and considerably Enlarged by Waller S. Hittton, C.E. 
With numerous Illustrations, Feup. 8vo, 6s., strongly bound for work- 
shop or pocket wear and tear. 

IRON AND STEEL ; a Work for the Forge, Foundry 
Factor}’, and Ofiice. By Charles Hoare, C.E. Eighth Edition’ 
Oblong 32mo, 6s. leather. 

TABLES, MEMORANDA, AND CALCULATED 

RESULTS, FOR MECHANICS, ENGINEERS, &:c. By Francis 
Smiih. Fourth Edition, Revised, 250 pp., waistcoat-pocket size, is. 6d. 
limp leather. 

THE ENGINEMAN’S POCKET COMPANION 

and practical educator for enginemen, boit.er 

ATTENDANTS, AND IMKCHANICS. By Michael Reynolds. 
With numerous Illustrations. Second Edition, Revised. Royal i8mo, 
3s, 6d., stiongly bound for pocket wear. 

STATIONARY ENGINE DRIVING: a Practical 

Manual for Engineers in charge of Stationary Plngincs. By Michael 
Reynolds. Tnird Edition, Enlarged. With Plates and Woodcuts. 
Crown 8vo, 4s. 6d. cloth. 

STEAM AND MACHINERY MANAGEMENT: a 

Guide to the Arrangement and Economical Alanagemcnt of Machinery, 
with Hints on Construction and Selection. By M. Powis Bale, 
M.I.M.E. 3s. cloth. 

THE PORTABLE ENGINE: ITS CONSTRUC- 

TION AND MANAGEMFNT. A Practical Manual for Owners and 
Users of Steam Engines generally. By William DysunWansbrough. 
With 90 Illustrations. Crown 8vo, 3s. 6d., cloth. 

THE SAFE USE OF STEAM. Containing Rules for Un- 

professional Steam-useis. By an Engineer. Si.\tn Edition. Sewed 6d. 


London: CROSIBY LOCKWOOD & SON, 7, S'l A'ijom;rs’ Hall Court, E.C. 
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MECHANICS, MECHANICAL ENGINEERING, etc. 


Ne^v Manual for Practical Pn{/ineers, 

THE PRACTICAL ENGINEETTS llANDAiOOK. Comprising 

a Treatise on Modern Engines and lioilers, Marine, Locomotive and Sta- 
tionary. And containing a large collection of Rules and Practical Data 
relating to recent Practice in Designing and Constructing all kinds of 
ICngiiuis, lioilers, and other Engineering work. Tlie whole constituting a 
comiM ohensivc Key to the Board of Trade and other ICxaniinations for Certi- 
ficates ol Competency in Modern Mechanical Engineeriii,g. By S. 

UuTi oN, Civil an<l Mechanical Engineer, Author of “ The \\’orks’ Manager’s 
Hand-book for Engineers,” &c. With upwards 01370 Illustrations. Second 
Edition, Revised with Additions. Medium 8vo, nearly 500 pp., price iSs. 
Strongly bound. " [Just published. 

This work is designed as a companion to the Author's “Works* 
Manager’s IlANn-nooK.’’ It possesses many neio ar.d orii^inal fi\ttiircs, and roa- 
tains, like its predecessor, a quantity of matter not origin. iHy intended for publica- 
tion, but collected by the author for his own use in the constructivn of a great variety 
of modern engineering work. 

The information is given in a condensed and concise form, and is illustrated by 
upwards of Woodcuts; and comprises a quantity of tabulated matter of great 
value to all engaged in designing, constructing, or estimatin'^ for L.ngines, Boili us 
and OTHER Engineering Work. 

Opinions ok the Press. 

“ Wo have k<’pt it at hand for several weeks, reienini: >«' R a-, ore- i-,i ir.' .e, :i!id we have not 
on a siiii;Ic ot casioii con:>ultc<l it.s paj^cs williout finUiny the inlorniaiiou <>i whieh were iji quest. ’ 
— .Ithcnicuvi, 

“ A thoroughly good practical liandbook. which no engineer can go through without learning 
something that will lie of servict; to him .” — Mat inc l-.tigitu t-r. 

An excellent bonk of reference for engineers, and a vaUiaMc text-book for sliulci ts of 
engineering.”— 

“This valual.ileMnanual embodies the results and exj>erience of the leading authorities on 
mechanical engineering.”— News. 

“The .author has collected together a surprising iiu.antity of rules and practical data, and has 
shown much judgment in the selections he lias made. . . . There is no doubt that this book is 

one of the most useful of its kind published, and will be a very popular comiiendium." — I-ngincer . 

“ A m.ass of information, set down in simple l.angu.igc. ami in such a form that it can be easily 
referred to at any time. The matter is nniibrmly gooil .ind well chosen, and is grc.illy elucidaterl 
by the illustrations. Tiie book will find its w.ay on to most engineers' shelves, where it will rank as 
one of the most useful books of reference .’’ — Praetieat J-ngiueer. 

“ Full of useful information, and should be found on the office shelf of all practical engineers. 

Irtish dli\'/ta/iic. 
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CROSBY LOCKWOOD SON'S CATALOGUE. 


Engineering Construction. 

PATTERN -MAKING : A Practical Treatise, embracing the Main 

Types of Engineering Construction, and including Gearing, both Hand and 
Machine made. Engine Work, Sheaves and Pulleys, Pipes and Columns, 
Sciews, Machine Parts, Pumps and Cocks, the Moulding of Patterns in 
Loam and Greensand, &c., together with the methods of Estimating the 
weight of Castings; to which is added an Appendix of Tables for Workshop 
Reference. By a Foreman Pattern Maker. With upwards of Ihree 
Hundred and Seventy Illustrations. Crown 8vo, 7s. fid, cloth. 

*' A well written teclinic.Tl jrtiide, evidentlj' written l>y a man who iJTulcrst.inds and has prjvc- 
tised what he has written al»oul. \Ve conlially reconiiii’end it to eiiKiticering stuilcuts, yf'ung 
joumeynien, and others desirous of toeing initiated into tlic mysteries of jiattern-makiiiji." — Hni/Jer. 

“ Likely to prove a welcome guide to in.any -workmen, especially tf> draughtsmen who have 
lacked a training in the shops, pupils pursuing- their practical studies in our factories, and to ein- 
ploj'ers and managers in engineering Hardware Trade yournaL 

"More than 370 illustrations help to explain the text, which is, how-i^ver, always ch ar and ex- 
plicit, tliiis rendering the work an excellent vade meciim for the aijpreutice who desires 10 hecoine 
master of his trade.” — Utt^lish Mechanic. 

dictionary of Mech attic f el Ettgitteering Terttis. 

LOCKWOOD'S DICTIONARY OF TERMS USED IN THE 
PR A CTICE OF MECHA NICA T. ENGIR EERIKG, embracing those current 
in the Drawing Office, Pattern Shop, Foundry, Fitting. Tinning, Smith’s and 
Boiler Shops, &c. &c. Comprising upwards of fi.ooo Definitions, lalitiul by 
A Foreman Pattern-Maker, Author of “ Pattern Making." Crown 8vo, 
7.''. fid. cloth. puhlishcd . 

" III. t the sort of handy dictionarj' required by the various trades engaged in iii' clianical eii. 
gi'-.eer ng. Tlie practiral engineering pu]iil will find the book of g^reat value in his st.itlies, and 
fvi.ry foreman engineer and tneclianic shouKl have a copy.” — Hniidini: Xerts. 

Alter a careful examination of the book, and living .ill iiiaiincr of words, we think that the 
engin -.-r will here find all he is likely t<. reijnire. It will be l.irg- Iy UM-d.” - /V, u,' / 

'■ ri'.is admirable dictionary, .although piimarily inteu- le-l i..r tin? use of dr;mi.'litMma'. and other 
n--chni;:.il c.riittsnic-n. Ls of nme'h larger v.alue as a book of iclercucc, and will find a re.idy vselcui/re 
in m-iny libraries."— Hcraid. 

Smithes Tables for Mechanics, etc. 

TABLES, MEMORANDA, AND CALCULATED RTSULIS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, etc. 
Solecfed and Arranged by Francis Smith. Font ih Edition, ReviKcd and l-m- 
larged. 250 pp., waistcoat-pocket si/e, 15, ChI. limp leather. puhlhlu il. 

" It would, perhaps, be a.s dilTici.lt to make a small po' ket-bo..k se.h-ctif'n of notes and forinul;e 
to i.’it AI.I. engineers as it w-oulii be to make a univ< n.al im-dicine ; but Mr. Smith's waistcoat- 
|i<. 'kci collection may be looked upon as a succe.ssful attempt."- - 7 ;' 

" The best exani] lie we have ever .Seen of 250 pages of useful inatier j jitktd into the dimcn- 
sions O’" a card-case." — Puildin'.,’ Kews. 

“A veritable pocket treasury of knowledge.’ —/ro/*. 

Steam Boilers, 

A TREATISE ON STEAM BOILERS: Their Strenpith, Con- 
struction, and Economical Working. By Roeert Wilson, C.E. Fifth Edition, 
izmo, fis. cloth. 

" '1 he best treatise that has ever been iinbli.shed on steam boilers." — Fn/yinerr. 

" The author .shows himself perfect master of his subject, and we heartiiv’ recommend all em- 
ploying steam power to pubse.ss themselves of the work.' — Kyland's /run /rude Lircnlar. 

Boiler Chimneys, 

BOILER and' FACTORY CHIMNEYS ; Their Draught-Potrer 

and Stability. With a Chapter on Lightning Conductors. By Kouert 
W ii.soN, A.i.C.E., Author of "A Treatiise on Steam Boilers,’’ &c. Second 
Edition. Crown 8vo, 3^. fid. cloth. [Just published. 

Boiler Mahing, 

THE BOILER-MAKER'S READY RECKONER. With Ex- 
amples of Practical Geometry and Templating, for the Use of Platers, 
Smiths and Riveters. By John Courtney, Edited by D. K. Clark, M.I.C.E. 
Second Edition, RevisecI, with Additions, ramo, 5s. half-bound. 

" A most useful work No wurkiuau or apprentice should be without this book."— 

Iron Trade Circular, 

" A reliable guide to the working borilcr-maker.” — Iron. 

'• Boiler-makers will readily recognise the value of this volume. . . . The tables are clearly 

printed, and so arranged that they can l>e referred to with the greatest facility, so that it cannot be 
doubted that they will be generally appreciated ami iinic.Ii Mining Journal. 
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Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE, With a Sup- 
plement on Gas Engines. By T. M. Goodeve, M.A., Barrister-at-Law, 
Author of “The Elements of Mechanism,” &c. Tenth Edition. With 
numerous Illustrations. Crown 8vo, 65. cloth. 

“ J’rofessor Goodeve has given us a treatise on the steam engine which will bear comparison 
witlj anything written by Huxley or Maxwell, and we can award it no higJier praise.” — Ettj^ineer. 

“ Professor Goodeve’s book is ably and clearly written. It is a sound work.” — Athcufcum. 

“ Mr. Goodeve’s text-book is a work of which every young engineer should possess himself. 
'—JUFiithig journal. 

“ Essentially practical in its aims. The manner of exposidon leaves nothing to be desired." — 
SiOtxman. 

” A valuable 7<aeie ntemm for the student of engineering and should be in the possession of 
eveiy scientific reader,” — Colliery Guardian. 

das Engines. 

ON GAS-ENGINES. Being a Reprint, with some Additions, of 
the Supplement to the Text-hook on the Steam Eiif^ine, by T. M. Goodevk, 
M.A. Crown 8vo, 2S. 6d. cloth. 

“ Eike all Mr. Goodeve’s writings, the present is no exception in j>oint of general exceller.re 
ft is a valuable little volume." — AJerhanifal H'orld. 

“ This little book will be useful to those who do.sire to understand how the gas-engine work-,. 

— Un£^lish Mechanic. 

Steam. 

THE SAFE USE OF STEAM, Containing Rules for Un- 

professional Steam-users. By an Engineer. Sixth Edition. Sewed, Oci. 

" If steam-us(‘rs would but learn this little book by heart boiler explosions would bee niie 
sensations by their rarity ." — English Mechanic. 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, or 

Engineers and Steam-users. By Nelson Foley, Author of “Boiler Con- 
struction.” Pocket-size, 3s. Od. cloth ; 4s. leather. 

" 'I'his is a very ust^ful book, containing very useful i.abU*s. The results gix’cn are well choson, 
itnd the volume contains evidence that tin? nmln>r really understands hi.s subject. We can recoai- 
iiieiid the work with iileasurc.” — Mcchaniml H'orld. 

“ These tables arc designed to meet the retiuircinents of every-day use ; they are of siiflicient 
f;C'Oj)e for most practical purpose.s, and may lie commended to engineers and users of steam. ’— 
iron. 

" This pocket-book w'cll merits the attention of the practical engineer. Mr. Foley has com- 
piled a very useful set of t.d)les, the. information contained in w hich is frequeiitlj’ reiiuired by 
ejiginecrs, coal consutiiers and u.sers of steain.” — i>cti and Coal J'rudcs Ilcfieit. 

Eire Eng i n e erhi g, 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With 

a History of Firc-Engitios, their Construction, Use, and Management; Re- 
marks on Fire-Pt ooi Buildings, and the Pre.-ervation of Life from Fire ; 
Statistics of the Fire Appliances in English Towns; Foreign Fire Systems ; 
Hints on Fire Brigades, &c. &c. By Charles F. T. Young, C.E. With 
numerous Illustrations, 544 pp., demy 8vo, £i 4s. cloth. 

“ such of our readers as are iiiteresteil in the sublet t of fires and fire apparatus, we can most 
bvarlily commend this book. It is really the only English work we now liave upon the subject.' — 
E inecrin_t^. 

“It displays much evidence of c.-ireful research; and Mr. Young has put his facts neatly 
fogether. it is evitlent enough tluil his .acquaiulauce with llie practical cleta.ls of the construction I'lf 
cteam tire engines, old atul new, anil the conditions with which it is necessary they should comply, 
is accurate and fuU." — En^^ineer. 

Gas lAghting. 

COMMON SENSE FOR GAS-USERS: A Catechism of Gas- 
JAghting for Householders, Gasfiitcrs, Millowucrs, Architects, Engineers, etc. 
By Robert Wilson, C.E., Author of “A Treatise on Steam Boilers.” 
Second Edition, with Folding Plates and Wood Engravings. Crown Svo, 
price 15 . in wrapper. 

*- All g^as-users will decidedly benefit, both in pocket and comfort. If they will avail themselves 

Mr. Wilson’s counsels.”— 
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THE POPULAR WORKS OF MICHAEL REYNOLDS 

(“ The Engine Driver’s Friend ”). 

Locomotive^JEngine Drivingm 

LOCOMOTIVE-ENGINE DRIVING : A Practical Manual for 
Engineers in char^ of Locomotive Engines, By Michael Reynolds, Membor 
of the Society of Engineers, formerly Locomotive Inspector L. B. and S. C. R. 
Eighth Edition. Including a Key to the Locomotive Engine. With Illus- 
trations and Portrait of Author. Crown 8vo, 4 s. 6d. cloth. 

*‘Mr. Reynolds has supplied a want, and has supplied it well. We can confidently recommend 
the book, not only to the |>ractical driver, but to everyone who takes an interest in the perforiuaiioe 
of locomotive viigines.” — TVir Jin^inecr. 

“ Mr. Reynolds h.as opened a new chapter in the literature of the day. This ailmiraMc prnctii al 
treatise, of the practical utility of wluch we have to speak in terms of warm coiiuiicndaiiun." — 
j-i'Jtenerttm. 

“ Kvklently the w’ork of one who knows his subject thoroughly."— St-n i\e Gazetff. 

*■ Were the cautions and rules given in the book to become jiart of the every-day working o} 
our engine-drivers, we might have fewer distressing accidents to ueplore.’’— 

Stationary Engine Driving, 

STATIONARY ENGINE DRIVING : A Practical Manual for 

Engineers in charge of Stationary Engines. By Michael Reynolds. Third 
Edition, Enlarged. With Plates and Woodcuts. Crown 8vo, 4s. 6ti. cloth. 
“The author is thoroughly acquainted with his subjects, and his advice on the various points 
treated is clear and practical. . . . He has produced a manual which is an exceedingly useful 

one for the class for whom it is specially inteinled.” — Kn^i^huerina^. 

“Our author leaves no stone utilurued. He is determined that his readers shall not only know 
something about the stationary etiginc, but all about it." — Engineer. 

“An engineman who has mastered the contents of Mr.Reynolds's book will require but little nciiial 
experience with boilers and engines before he can be trusted to look after them." — l-ngiUh .MtuhariU 

The Engineer^ Fireman, and Engine^Doy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 
ENGINE-BOY. Comprising a Historical Notice of the Pioneer Locomotive 
Engines and their Inventors. By Michael Reynolds. With numerous Illus- 
trations and a fine Portrait of George Stephenson. Crown 8vo, 4.?. 6d. cloth. 
" From the technical knowledge of the author it will appeal to the railway man of to-day more 
forcibly than anything written by Dr. Stnilos. . . . The voIuiimj contains jnformatiun of a tech* 
ideal kind, and facts that every driver should be familiar with." — lingiish Mechanic. 

“We should be glad to sec this book in the pos.scssion of everyone in the kingdom who has 
ever laid, or is to lay, bands on a locomotive engine." — Iron. 

Continuous Eaihvay Drahesi 

CONTINUOUS RAILWAY BRAKES : A Practical Treatise on 

the several Systems in Use in the United Kingdom ; their Construction ami 
Performance. With copious Illustrations and numerous Tables. By Michael 
Reynolds, Large crown 8vo, gs. cloth. 

“ A popular explanation of the difTercnt V>rakcs. It will be of great assistance in forming public 
opinion, and will be studied with benefit by those who take an interest in the brakt:.''~/ing/iiA 
Mecha n ir. 

••^Vritten with sufficient technical detail to enable the principle and relative connection of tha 
various parts of each particular brake to be readily grasped ." — McLhaitical ll'orld. 

Engine-Driving Life, 

ENGINE-DRIVING LIFE; or. Stirring Adventures and Inci- 
dents in the Lives of Locomotive-Engine Drivers. By Michael Reynolds. 
Ninth Thousand. Crown 8vo. 2s. cloth. 

“From first tolast Is perfectly fascinating. Wilkie Collins's most thrilling conceptions arc thrown 
Into the shade by true incidents, endless in their variety, related in every page ." — North lirUixh Ma il. 

“Anyone who wishes to get a real insight into railway life cannot do better than read ‘ liiigine- 
Driving Life ' for tiimsclf ; and if he once take it up he will find that the author’s enthusiasm and real 
uve of the engine-driving profession will carry him on till he lias read every page.” — Saturday Keview. 

Fochet Companion for Enginemen, 

THE ENGINEMAN'S POCKET COMPANION AND PRAC- 
TICAL EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS, 
AND MECHANICS. By Michael Reynold.s. With Forty-five Illustra- 
tions and numerous Diagrams. Second Edition, Revised. Royal i8mo, 3s. bd., 
strongly bound for pocket wear. {.J^i published, 

“ This admirable work is well suited to accomplish Us object, being the honest workmanship of 
a competent engineer,” — Glasgow Herald. 

“ A most meritorious work, giving in .a succinct and practical form all the information an engine 
minder desirous of mastering the scientific principles of his daily calling would require." — Miller, 

“ A boon to those who are striving to become efficient inechanirs."— />ar7j/ Chronicle, 
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CIVIL ENGINEERING, SURVEYING, etc, 

JFrencJi^Eiiglish Glossary for Engineers^ etc. 

A POCKET GLOSSARY of TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH ; with Tables suitable for the Architectural, 
Engineering, Manufacturing and Nautical Professions. By John Jamks 
Flktciikr, Engineer and Surveyor ; 200 pp. Waistcoat-pocket size, 15. (iJ., 
limp leather. 

•‘It ought certainly to he in the walstcoat-pockct of every professional man. — rrott. 

"It is a very great advantage for readers and correspondents in France and England to have 
so large a number of the words relating to engineering and manufacturers collected m a Uliputiait 
volume. The little book wi.l be useful both to students and travellers.” — Architect. 

" The glossary of terms is very complete, and many of the tables are new and well arranged. 
We cordially commend the book.'^ — Mechanical IVorla. 

Eortahle Engines. 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 

MANAGEMENT. A Practical Manual for Owners and Users of Steam 
Engines generally. By William Dyson Wansiirough. With 90 Illustra- 
tions. Crown 8vo, 3s. Gd. cloth. published. 

" 'tliis is a work of value to those who use steam machinery. . . . Should be read by every- 

one who has a steam engine, on a fartn or elsewhere.”— A Lane Express. 

" VVe cordially commend this work to buyers and owners of steam engines, and to those who 
have to do with their construction or use .” — Timber J'radcs yournal. 

" Such a general knowledge of the steam engin*! as Mr. Wansbrough furnishes to the reader 
should be acquired by all intelligent owners and others who use the steam engine. ’ — Buildi/tj^ News. 


CIVIL engine:^ing^ STOVEYING, etc. 

MR. HUMBER'S IMPORTANT ENGINEERING BOOKS. 

The Water Supply of Cities and Towns. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
OF CITIES AND TOWNS. By William Humber, A-M. Inst. C.E., and 
M. Inst. M.E., Author of “Cast and Wrought Iron Bridge Construction." 
&c. &c. Illustrated with 50 Double Plates, i Single Plate, Coloured 
Frontispiece, and upwards of 250 Woodcuts, and containing 400 pages of 
Text. Imp. 4to, £6 6s. elegantly and substantially half-bound in morocco. 

List of Contents, 

I. Historical Sketch of some of the means | Conduits. — XIII. Distribution of AVater. — XIV. 
that have been adoi)ted for the Supply of Water Meters, Service I’ipes, and House Fittings. - 
to Cities and Towns. — II. AVater and the Fo- XV. The Taw and Economy of AVater AVnrks. 
reign Matter usually associated with it.— III. XAT. Constant and Intermittent Supply. — 
Ruinfiill and Hva]>or.'ition. — IV^ Springs and j XVII. Dcscrii)tion of Plates. — Appendices, 
the watcr-be.iring formations of various dis- , giving Tables of Rates of Supply, Velocities, 
tricts. — V. Measurement and Estimation of the ! &c. &c., together with Specifications of several 
flow of AVater — VI. On the Selection of the ■ AVorks illustmted, among wliich will be found ; 
Source of Supply. — VII. Wells. — VIII. Reser- Aberdeen, Hideford, Canterbury, Dundee, 
voirs. — 1-X. The Purification of AA'ater. — X. Halifax, L.aiubcU>, Rotherham, Dublin, and 
Pumps. — XI. Pumping Machinery. — XII. ! others. 

" Tlie most systematic and valu.able work upon water supply hitherto produced in English, or 
In any other language. . . . Mr. Humber's work is characteri.sed almost throughout bj' an 

exhaustiveness much more distinctive of French and German than of English tedmical treatises.” 
— Engineer. 

*• AVe can congratulate Mr. Humber on having been able to give so large an amount of infor- 
mation on a subject so important as the water supply of cities and towns. The plates, fifty in 
number, are mostly drawings of executed works, and alone would have commanded the attention 
of every engineer whose practice may lie in this branch of the profession." — Builder. 

Cast and Wrought Iron Eridge Construction. 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IRON BRIDGE CONSTRUCTION, including Iron 
Foundations. In Three Parts — Theoretical, Practical, and Descriptive. By 
William Humber, A-M. Inst. C.E., and M. Inst. M.E. Third Edition, Re- 
vised and much improved, with 115 Double Plates (20 of which now first 
appear in this edition), and numerous Additions to the Text. In Two Vols., 
imp. 4to, £6 165. 6d. half-bound in morocco. 

•‘A very valuable contribution to the standard literature of civil engineering. In addition to 
elevations, plans and sections, large scale details are given which very much enhance the instruc- 
tive worth of these illustrations.’ —C»vt/ Architect's Journal. 

"Mr. Humber's stately volumes, lately issued — in which the most Important bridges erected 
during the last five years, under the direction of the late Mr. Brunei. Sir W. Cubitt, Mr. Hawk- 
Shaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent engineer^ ar« 
drawn and specified in great detail.”— 



CROSBY LOCKWOOD < 5 - SON'S CATALOGUE. 


MR. HUMBER'S GREAT WORK ON MODERN ENGINEERING. 


Complete in Four Volumes, imperial 4to, price £12 12s., half-morocco. Each 
Volume sold separately as follows : — 

A RECORD OF THE PROGRESS OF MODERN ENGINEER- 
ING. First Skkies. Comprising Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, and other Engineering Works, &c. By William Humber, 
A-M. Inst. C.E., &c. Imp. 4to, with 36 Double Plates, drawn to a large scale. 
Photographic Portrait of John Hawkshaw, C.E., F.R.S., &c., and copious 
descriptive Letterpress, Specifications, &c., £2 3s. hali-morocco. 


List of the Plates and Diagrams. 

Victoria Station and Roof, L. B. & S. C. R. i Th.imes, West I.nndon Extension R.-iilway (5 
(8 plates); Southport Pier (a plates); Victoria I plates); Armour Plates: Suspension Dridco, 
Station and Roof, L. C. & D. and G. W. R, (6 j Thames (4 nlatcs) ; The Allen Engine ; Siis- 
elates); Roof of Cremome Music Hall ; Bridge pension Bridge. Avon (3 plates) ; Underground 
over G. N. Railway ; Roof of Station, Dutch j Railway (3 plates). 

Rhenish Rail (a plates) ; Bridge over the 1 

•* Il-indsoniely lithographed and printed. It will find favotir w-ith many who desire to preser\'0 
In a permanent form copies of the plans and specitications prepared for the guidauice of the con- 
tractors for many important engineering works." — Engineer. 

HUMBER'S RECORD OF MODERN ENGINEERING. Second 
Series. Imp. 4to, with 36 Double Plates. Photographic Portrait of Robert 
Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letterpress, 
Specifications, &c., £$ 3s. half-morocco. 

L ist of the Plates and Diagrams. 

Birkenhead Docks, I-ow "Water Basin (15 ! and Abergavenny Railway; Ebbw Viaduct, 

plates) : Charing Cross Station Hoof, C. C. ■ Merthyr, J redegar, and Abergavenny Rail- 
Itailway (3 plates); Digswell \'i<aduct. Great ; way; College Wood Viaduct, Cornw.all Rail- 
Nortliern Railway: Robbery Wood Viaduct, • way; Dublin Winter Palace Roof (3 plates); 
tircat Northern Railway; Iron Perm.inent ; Bridge over the Thames, E. C. Ar D. Railway 
Way;Clydach Viaduct. 'Merthyr, Tredegar, 1 (6 plates) ; Albert Harbour, Greenock (4 plates). 

“ Mr. Humber has done the profession good and true service, by the fine collection of examples 
he has here brouglit before the profession and the public." — J-'ractual Alechatiic's 'yont~nal. 

HUMBER'S RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 410, with 40 Double Plates, Photographic Portrait of J. R. 
M'Clean, late I res. Inst. C.E., and copious descriptive Letterpress, Speci- 
fications, 6lc., £3 3s. half-morocco. 


Ltst of the Plates and Diagrams. 


Main DRATNACF.. METRr.pOI.lS.— A")??//* 
Sirfr.— Map showing Interception of Sewers; 
Middle Level Sewer (-j jjlates) ; Outfall Sower, 
Bridge over Ri \ t r Lea (3 plates) ; Outfall Sew er, 
Bridge over Marsh Lane, North Woolwich 
Railway, anti Bow and Barking Railway June- 
tion ; Outfall Sewer, Bridge over Bow and 
Barking Railway (3 plate.'.) ; Outfall Sewer. 
Bridge over East I .biuloii AN uterw orks" l-eeder 
<2 plates); Outfall Sewer, Keseivoir (2jl.!l.-s); 
Outfall Sewer. 'J umbling B-sy and Outlet ; <.>iJt. 
fall Sewer, Penstocks. South N/t/c.— Oulf.tll 
Sewer, Kerm<.»r.dsey Branch (2 plates); Outfall 
•• The drawings have a ctnistantly increasing 
sentations of tin- two great works carried out by 
volume.” — Enj^ineer. 


Sewer, Reservoir and Outlet (4 plates' ; Outfall 
Sewer, I'ilth Hoist; Sections of Sewers (Noriii 
and South Sides). 

Th.\mi£s Embankment.— .Section of River 
Wall ; Stcambf.at Pier, Westminster (2 plates), 
l..amliiig .Stairs between Charing Cross and 
W.-itcrloo Bridges: York (bite (2 plates); Over- 
flow and Outh‘t at Savoy .Street .Sewer (3 plates) ; 
StiMinboat Pier, Waterloo Bridge (a plates) ; 
Jniction of Sewers, Pkins and Sections; 
(.n!)i.-s, PJans and .Sections; Koliing Slock; 

, Granite ;uid Iron 1 orts. 

value, and whoever desires to po.ssess clear repre- 
our Metropolitan Board will obtain Mr. Humber's 


HUMBER'S RECORD OF MODERN ENGINEERING. Fourth 

Series. Imp. 410, with 3G Double Plaics, I'holographic Portrait of John 
p'owler, late Pres. Inst. C.E., and copious descriptive Lelterpruss, Speci- 
fications, &c., £3 35. half-morocco. 


List of the Plates and Diagrams. 

Abbey Mills Pumping Stati.m, Main Drain- Mesopotaini.-i ; \'iaduct over the River Wye, 
age. Metropolis (4 plate.s) ; Barrow Docks (5 Midland P.ailway (3 plates); St. (iermans V'ia*- 
plates); Mantjuis Viaduct. Santiago and Val- 1 duct. Cornwall Railway (2 plates); Wronght- 
paraiso Railway (2 jdates) ; Adam's Locon>r». ! Imn Cj'liiult.-r for Diving BelJ ; Milluall J),,cl;s 
tive, St. Helen's Canal Railway (2 plate.s) ; . (6 plates) ; Milroy’s I'atent Excavator; Metro- 

Cannon Street Station Roof, Charing Cross I poli.'an Didrict Railway (6 jil.ites) ; Harbours, 
Railway (3 plates) ; Road Bridge over the River I Ports, and Breakwaters (3 plates). 

Moka (2 plates) ; Telegrai>hic Apparatus for i 

‘•"We gladly welcome another year’s issue of this valuable publication from the able pen of 
Mr. Hundter. The accuracy and general excellence of this work are well known, while its useful- 
ness in giving the ineasiirements and dct.aiis or s.inie of the latest examples of engineerin'^, as 
carried out by the most eminent men in the professijn. cauiiot be loo highly pri.£ed.'’— yf 
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MR. HUMBER'S ENGINEERING BOOKS— continued. 

Strains f Calculation of, 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
IN GIRDERS A ND SI MILA RSTR UCTURES, A ND THEIR STRBNG TH. 
Consisting of Formulae and Corresponding Diagrams, with numerous details 
for Practical Application, &c. By William Humber, A-M. Inst. C.E., &c. 
Fourth Edition. Crown 8vo, nearly loo Woodcuts and 3 Plates, 7s. 6d. cloth. 
•' The formuKne are neatly expressed, and the diafrranis g^ood." — Athenatttn. 

" We heartily coiiiineiid this really hatidy book to our engineer and arcliitect readers.”— 

Ush Alec/ianic. 

Harlow^s Strength of Materials^ enlarged hy Humber 
A TREATISE ON THE STRENGTH OF MATERIALS : 

with Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Peter Barlow, F.R.S. A New Edition, revised 
by his Sons, P. W. Barlow, F.R.S. , and W. H. Barlow, F.R.S. ; to which 
are added. Experiments by Hodgkinson, Fairuaikn, and Kirkaldy ; and 
Formulaj for Calculating Girders, &c. Arranged and Edited by W, Humber, 
A-M. Inst. C.E. Demy 8vo, 400 pp., with 19 large Plates and numerous 
Woodcuts, i8s. clotli. 

Valuable alike to the student, tyro, and the experienced practitioner, It will .always rank in 
foture, as it has hitherto done, as the standard trc.atise on th.at iiarticnlar subject,” — Efij^ineer. 
There is no gfreater authority than Iktrlow'.” — A’eius. 

“I>eser\es a foremost place on the bookshelves of every civil engineer."— Mechanic. 


Trigonometrical Su vreyi ng, 

AN OUTLINE OF THE METHOD OF CONDUCTING A 

TKIGONOMKTKICAL SURVEY, for the Formation of Geographical aud 
Topographical Maps and Plans, Military Reconnaissance, Levelling, &c.,vi\\h 
I'seful Problems, P'ormulm, and Tables. By Lieut. -General Fkomk, R.E. 
Fourth Phlition, Revised and partly Re-written by Major Gtmeral Sir Charles 
Warren, G.C.M.G., R.E. With 19 Plates and 115 Woodcuts, royal 8vo, i&s. 
cloth. 

" The simple fact that a fourth edition has been c.alled for is the best testimony to its merits. 
No words of pr;iise fn.'iu us can strcngtluru the position so wcU and so steadily maintatned by this 
»Mrk, Sir Charles U’arren h.as revised the entire wotk. and made sm.h adtlilions as were ueceasary 
to bring every portion of the contents up to the present dale.”— A’/vu.f Arrow. 

Oblique Bridges, 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
FRIDGES. Witli 15 large Plates. By the late George Watson Buck, 
M.I.C.E, Third Edition, revised by his Son, J. H. Watson But k, M.I.C.E. ; 
Olid with the adilition of Desci ipiion to Diagrams for Facilitating the Con- 
.‘^tnictiou of Oblique Briages, by W. H. Barlow, M.I.C.E. Royal Svo, izs. 
cloth. 

" The standard text-book for .all engineers regarding skew arches is Mr. Buck’s treatise, and it 
would be mipo.-,.sible to ccnisult a btlior. ” .' nxin.rr. 

” .Mr. Buck's treatisi- is recognised as n standiird text-book, and his treatment has divested the 
subject of many of the iu’ricarics suppose il to belong tti it. As a guide to the cngitieer and axclii- 
tect, on a confessedly dilhcult subject, Mr. Buck s work is uusurp.^ssed.''— .Vea-j. 

Bridge Construction, 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUCT 
TION OF MA SONR Y, TIM PER, A ND IKON. Consisting of 46 Plates from 
the Contract Drawings or Aduuai.-urcmeut of SeU;ct Works. By W. D. 
Maskoll C.E. Second Edition, with the addition of 554 Estimates, and the 
Practice of Setting out Works. Illustrated with 6 pages of Diagrams. Imp. 
4to, £2 I2S. 6d. halt-niorocco. 

“ A work of the present nature by a man of Mr. Il.askolVs experience must prove invaluable. 
The tables of estimates will considerably enhance its \o\ixc.' —J-ni;ineerifi£. 

Barth uorJe, 

EARTHWORK TABLES, Showing the Contents in Cubic 
Yards of Embankments, Cuttings, &c.,of Heights or Depths up to an average 
ci 80 feet. By Joseph Bkoadbent, C.E., aud Francis Campin, C.E. Crown 
8vo, 55. cloth. 

The way in which accuracy is .aft.-iined, b5' a simple division of each cross section into tliree 
elements, two m which arc constant and one variable, is ingenious." — Aihententn, 
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Statics, Graphic anct Analytic, 

GRAPHIC AND ANALYTIC STATICS, in their Practical ApplL 

cation to the Treatment of Stresset in Roofs, Solid Girders, Lattice, Rotvstrinf' 
and Suspension Bridges, Braced Iron Arches and Piers, and other Frameworks. 
By R. Hudson Graham, C.E. Containing Diagrams and Plates to Scale. 
With numerous Examples, many taken from existing Structures. Specially 
arranged for Class- work in Colleges and Universities. Second Edition, Re- 
vised and Enlarged. 8vo, i6s. cloth. 

“Mr, Graham’s book will find a place wherever graphic and analytic statics are used or studied.’ 
^-Entrineer. 

" This exhaustive treatise Is admirably adapted for the architect and engineer, and will tend 
towean the profession from a tedious ana laboured mode of calculation." News. 

" The work is excellent from a practical point of view, and has evidently bemn prei’.ircd with 
much care. The directions for working are ample, and are illustrated by an abundance of w ell* 
selecterl examples. It is an excellent text-book for the practical draughtsman." — 

Survey Practice, 

AID TO SURVEY PRACTICE, for Reference in Surveying, LeveU 

line. Setting-out and in Route Surveys of Travellers by Laud and Sea. With 
Tables, Illustrations, and Records, By Lowis D’A. Jack.son, A.M.I.C.E., 
Author of “ Hydraulic Manual,** “ Modern Metrology,” &c. Large crown 8vo, 
izs. 6d, cloth. 

“ Mr. Jackson has produced a valuable 7>ade-meru*n for the surveyor. We can recommend 
this book as containing an admirable supplement to the teaching of the accomplished surveyor." — 
AthencPu*n. 

“ As a text -book we should advise all surveyors to pl.vce it in their libraries, and study well the 
matured in-structions afforded in its pages." — Colliery Guardian. 

“ The author brings to his work a fortunate union of theory and practical experience which, 
aided by a clear and lucid style of writing, renders the book a very useful onQ,"— Builder. 

Surveying, Land and Marine, 

LAND AND MARINE in Reference to the Pre- 

paration of Plans for Roads and Railways; Canals, Rivers, Towns’ Water 
Supplies; Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. Davis Haskoll, C.E., Author of “ Bridge and Viaduct 
Construction,*’ &c. Second Edition, Revised, with Additions. Laige crown 
8vo, gs. cloth. 

“ A most useful and well arranged book for the aid of n student. We can strongly recommend 
it as a carefully written and valuable text-book. It enjoys a well-dcscrvetl repute among surveyor-^. 

— Bitildfr. 

" This volume cannot fail to prove of the utmost practical utility. It may be safely recommended 
to all students who aspire to become cleiui and expert surveyors." — Mininy; yournal. 

Levelling, 

A TREATISE ON THE PRINCIPLES AND PRACTICE OF 

LEVELLING. Showing its Application to purposes of Railway and Civil 
Engineering, in the Construction of Roads; with Mr.TKLFORD's Rules for the 
same. By Fkedkrick W. Simms, F.G.S., M. Inst. C.E. Seventh Eldition, with 
the addition of Law’s Practical Examples for .Setting-out Railway Curves, and 
Trautwine’s Field Practice of Laying-out Circular Curves. vViih 7 Plates 
and numerous Woodcuts, 8vo, 8s, 6d. cloth. Trautwine on Curves 

may be had separate, 5s. 

The text-book on levelling in most of our engineering schools and colleges."— 

“ The publi.shers have rendered a substantial service- to the profession, especially to the younger 
members, by bringing out the present edition of Mr. Simms’s useful work." — Enf^netrin^. 

Tunnelling, 

PRACTICA L TUNNELLING. Explaining in detail the Setting- 
out of the works, Shaft-sinking and Heading-driving, Ranging the Lines and 
Levelling underground, Sub-Excavating, Timbering, and the Construction 
of the Brickwork of Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Simms, F.G.S., 
M. Inst. C.E. Third Edition, Revised and Extended by D. Kinnear Clark, 
M. Inst. C.E. Imperial 8vo, with 2X Folding Plates and numerous Wood 
Engravings, 30s. cloth. 

“ The estimation in which Mr. Simms’s book has been held for over thirty years cannot be more 
truly expressed than in the words of the late Prof. Kankine : — ‘ The best source of informatiuia 
on the subject of tunnels is Mr. F. W. Simms’s work on Practical Tunnelling.’ "—Architect. 

“Mr. Clark has added immensely to the value of the book," — Engineer, 

“ The additional chapters by Mr. Clark, containing as they do numerous examples of modera 
practice, bring the book wdl up to date. '—Engineerirtfr. 
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Heat, Eoopansion hy, 

EXPANSION OF STRUCTURES BY HEAT. By John 
Keily, C.E., late of the Indian Public Works and Victorian Railway Depart- 
ments. Crown 8vo, 3s. 6d. cloth. [Just published. 

Summary of Contents. 

Section I. Formulas and Data. Section VI. Mechanical Force op 

Section II. Metal Bars. Heat. 

Section III. Simfle Frames. Section VII. Work of Expansion 

Section IV. Complex Frames} and and Contraction. 

Plates. Section VIII. Suspension Bridges. 

Section V. Thermal Conductivity. Section IX. Masonry Structures. 

“ The aini the author has set before him, viz., to show the effects of heat upon metallic and 
other structures, is a laudable one, for this is a branch of physics upon which the engineer or archi* 
tect can find but little reliable and comprehensive data in books.” — Builder. 

“ Whoever is concerned to know tlic effect of changes of temperature on such structures as 
suspension bridges and the like, could not do better th.in consult Mr. Keily ’s valuable and handy 
exposition of the geometrical principles involved in tlicsc changes.”— 

Practical Mathematics, 

MATHEMATICS FOR PRACTICAL MEN: Being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly for the use 
-of Civil Engineers, Architects and Surveyors. By Olinthus Gregory, 
LL.D., F.R.A.S., Enlarged by Henry Law, C.E. 4th Edition, carefully 
Revised by J. R. Young, formerly Professor of Mathematics, Belfast College. 
With 13 Plates, 8vo, £i is., cloth. 

” The engineer or architect will here find ready to his hand rules for solving nearly every mathe- 
matical difficulty that may arise in his practice. 'I he rules are in all cases explained by means of 
cxamiiles, in which every step of the process is clearly worked out.”— Builder. 

“ One of the most scrvice.ablo books for practical mechanics. ... It is an instructive booU 
for the student, and a text-book for him who, having once mastered the subjects it irculs of, needs 
occasionally to refresh liis memor>' upon them .” — Building .\eus. 

Hydraulic Tables, 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULA 

for finding the Discharge of Water front Orifices, Notches^ Weirs, Pipes, and 
Rivets, With New Formulae, Tables, and General Information on Rainfall, 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, Civil lingineer, M.R.I.A. Third Edition, care- 
fully revised, with considerable Additions. Numerous Illustrations. Crown 
8vo, 145. cloth. 

“ It is, of all English books on the subject, the one nearest to completeness. . . . From the 
good arrangement of the matter, the clear exjdanations, and abundance of formul.ne, the carefully 
calculated tables, and, above all, the thorough ac(|uaiutance with both theory and construction, 
which is displayed from first to last, the book will be found to be an acquisitioni'—B rcJtilecl. 

JRiver Engineering, 

RIVER BARS : The Causes of their Formation, and their Treatment 

by Induced Tidal Scour." With a Description of the Successful Reduction 
by this Method of the Bar at Dublin. By I. J. Mann, Assist. Eng. to the 
Dublin Port and Docks Board. Royal 8vo, 7s. 6d. cloth. 

"We recommend all interested in harbour works— and, indeed, tliose concerned in the improve- 
ments of rivers generally-- to read Mr. M.'um's interesting \voik..''—Bnj:iueer. 

A most valuable contribution to the history of tins branch of engineering.”— 
attd Mining journal. 

Hydraulics, 

HYDRA ULIC MANUAL, Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field 
Operations. By Lewis D’A. Jackson, Author of “ Aid to Survey Practice," 
“Modern Metrology,’’ &c. Fourth Edition. Rewritten and Enlarged. 
Large crown 8vo, 16s. cloth. 

The author has been a careful observer of the facts which have come under hLs notice, as 
well as a painstaking collector and critic of the results of the experiments of others, .and from the 
great mass of material at his command he has constructed a manii.il which may be accepted as a 
trustworthy guide to this branch of the engineer’s profession.” — limriueeriu^, 

“ The standard work in this department of niccliauics. The present edition has been brought 
abreast of the most recent practice.” — Scotsman. 

" The most useful feature of this work is its freedom from what is superannuated, and its 
thorough adoption of recent experiments ; the text is, in fact, in great part a short account of the 
great modem experiments.”— A’hrMrr. 
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X>rainage, 

ON THE DRAINAGE OF LANDS, TOWNS AND BUILD^ 
INGS. By G. D. Dempsey, C.E., Author of “ The Practical Railway En- 
¥fineer,” &c. Revised, with large Additions on Recent Practice in 
Drainage Engineering, by D. Kinnear Clark, M.Inst. C.E. Author of 
‘‘Tramways : their Construction and Working,” ‘‘A Manual of Rules, Tables, 
and Data for Mechanical Engineers,” &c. &c. Crown 8vo, 7s. 6d. cloth. 

Published. 

The new matter added to Mr. Dempsey's excellent work is characterised W the comprehen- 
sive grasp and accuracy of detail for which the name of Mr. D. K. Clark is a sumcient voucher."— 
.Athementn. 

As a work on recent pr.ictice in drainage engineering, the book is to be commended to all 
who are making that branch of engineering scienct; their spcci.al study." — Iroti. 

•A comprehensive manual on drain:ige engineering, and a useful introduction to the stud -ni,' 
Buildini: News. 

Tramways and their Worhing, 

TRAMWAYS : THEIR CONSTRUCTION AND WORKING, 

Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis of the various Modes of Traction, including Horse-Power, Steam, 
Heated Water, and Compressed Air ; a Description of the Varieties of Rolling 
Stock; and ample Details ol Cost and Working Expenses: the Progress 
recently made in Tramway Construction, &c. &c. By D. Kinnear Clark, 
M. Inst. C.E. With over 200 Wood Engravings, and 13 Folding Plates. Two 
Vols., large crown 8vo, 30s. cloth. 

*' All interested in tramw.nj-s inust refer to it, as all r.aihvaj' engineers have turned to the author’s 
work ‘ Railway Machinery.’" — Engineer. 

“ An exhaustive and practical work on tramways, in which the history' of this kind of locomo- 
tion, and a description and cost of the various modes of laying tramways, are to be found. ’ — 
Ne^'S. 

" The best form of rails, the best mode of construction, and the best mechanical appliances 
«te so fairly indicated in the work under review, that any engineer about to construct a tramway 
w ill be enabled at once to obtain the practical information which will be of most service to him."— 

OhlUiiie Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 
OBLIQUE ARCHES. By John Hart. Third Edition, with Plates. Im- 
perial bvo, 8s. cloth. 

Curves, Ta^lei for Setting-out, 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES 
for Setting-out Curves from 5 to 200 Radius. By Alkxanlek Bkaeelev, 
M. Inst. C.E. Third Edition. Piinted on 48 Cards, and sold in a cloth box, 
waistcoat-pocket size, 3s. 6 d. 

“ Each table is printed on a small card, which, being placed on the theodolite, leaves the hands 
free to tn mipulate the instrument— no sum?! rifU aiitiige as regards the rapidity of work." — Enjcinrer. 

" Very' handy ; a man may' know tliat all liis day’s uork must fall on two of tlicse cards, which 
be pat.s into his own card-casc, and Icavc-s the rest behind." — Athentetim. 

Eng i neering Field \ vo rh, 

THE PRACTICE OF ENGINEERING FIELDWORK, afflied 

to Land and Hydraulic, Hydrographic, and Submarine Surveying and Levelling. 
Second Edition, Revised, wiilt cunsidcuible Additions, and a Supplement on 
Waterworks, Sewers, Sewage, and Irrigation. By W. Davis Haskoll, C.E. 
Numerous Folding Plates. In One Volume, demy 8vo, £i 55. cloth. 

Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS : A 

Practical and Theoretical Essay. By J. H. Wat.son Buck, M. Inst. C.E., 
Resident Engineer, London and Nortu-Western Railway. Illustrated with 
Folding Plates, royal 8vo, 12s. cloth. 

Many of the methods given are of extreme practical value to the mason ; and the observations 
on the form of arch, the ruhjs for ordering the stone, and the coii'.tructioii of the templates will be 
found of considerable use. We commend the book to tlie engineering profession." — liuildinf^ News, 
•• Will be regarded by civil engineers as of the utmost value, and calculated to save much time 
end obviate many mistakes ." — Colliery Guardian. 

Oirders, Strength of, 

GRAPHIC TABLE FOR FACILITATING THE COMPUTA^ 
TION OF THE WEIGHTS OF WROUGHT IRON AND STEEL 
GIRDERS, etc., for Parliamentary and other Estimates, By J. H. Watson 
Buck, M. Inst. C.E On a Sheet, zs.<&d. 
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Trusses, 

TRUSSES OF WOOD AND IRON. Practical Applications of 

Science in Determining the Stresses, Breaking Weights, Safe Loads, Scantlings, 
and Details of Construction, with Complete Working Drawings. By William 
Griffiths, Surveyor, Assistant Master, Tranmere School of Science and 
Art. Oblong 8vo, 4s. 6d. cloth. 

•• This handy little book enters so minutely into cx'cry detail connected with the construction of 
roof trusses, that no student need be ignorant of these ni.atters for want of an easy source to come 
at the knowledge.” — Practical Jinffineer. 

" From the manner of treating the subject, Mr. Griffiths’ book is clear enough to enables 
student to be his own teacher. It will be useful in the science school and in workshe.ijs.”— 

Hallway Workiny, 

SAFE RAILWAY WORKING. A Treatise on Railway Acci- 
dents: Their Cause and Prevention ; with a Description of Modern Appliances 
and Systems. By Clement Is. Strktton, C.E., Vice-President and Con- 
sulting Engineer, Ainalganiated Society of Railway Servants. With Illus- 
trations and Coloured Plates, crown 8vo, 4s. 6d. strongly bound. 

Outline of Contents. 

Chapter I. Sl’mmary of Acctoents, 1885. — II Permanent Way. — III. Sig- 
nalling; Block System. — IV. Continuous Brakes. — V. Breaking of Raii.- 
WAY Axles. — VI. Railway Couplings. — VII. Railway Servants and the Law 
of Manslaughter. — Appendix I. Railway Tkai i ic Returns. — II. Railway 
Signal Returns.— III. Continuous Brakes Returns. — IV. Mixed Trains. 
Opinions oe the Press. 

“ .\ liook for the engineer, the directors the managers ; and, in short, all who wish for informa- 
tion on railway in at tens will fmd a perfect encyclopardia in ’Safe Railway Working.' 

A'e7’ic7i', 

“ Mr. Clfinont H. Strctlon. the energetic Vice-Prosident of the Amalgamated .Society of Rail- 
way .Servams, may be con(,'Tatulat<rd on having collected, in a very convenient form, much valii iMe 
iulormatioM on the prim ipal (iiiestionsatlecting the safe working ol railways.'"— A’<7//rtvr v , r. 

“ W'e I oniiueml the remarks on railway signalling to all railway maii.igers, especially where a 
uniform ccsle and practice is advocated.''— Jiaiijiaj’ journal. 

Field-Hook for Fngineers, 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON- 

TRACTOR’S FIELD-BOOK. Consisting of a Scries of Tables, with Rules, 
Explanations of Systems, and use of Theodolite for Traverse Surveying and 
Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner; setting-out 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Oil- 
sets : and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 
depth. By W. Davis Haskoll, C.E. With numerous Woodcuts. Fourth 
Edition, Enlarged, Crown 8vo, 12s. cloth. 

“Tbe hook is very haudy, and the author might have added that the separate tal>les of sines 
and tangents to every minute will make it useful for many other purposes, the genuine traverso 
tables existing all the same.” — .■K/iouemn. 

"Every person engaged in engineering field operations wiU estimate the importance of such a 
work and tbe amount of valuable time which will be saved by reference to a set of reliable tables 
prepared with the accuracy and fulness of those given in this volume.''— A’uiV’Ttfrj' .Veu’s, 

Fartliworlc, Measurement of, 

A MANUAL ON EARTHWORK. By Alex. J. S. Graham, 

C.E. With numerous Diagrams. i8mo, 2s. 6d. cloth. 

"A great amount of practical information, very athnirably arranged, and available for rough 
estimates, as well a.s for tlie more exact calculations required in the engineer's and contractor's 
offices. rtizan. 

Strains in Ironwork, 

THE STRAINS ON STRUCTURES OF IRONWORK; with 

Practical Remarks on Iron Construction. By F. W. Sheilds, M, Inst C.E. 
Second Edition, with 5 Plates. Royal 8vo, 5s. cloth. 

•‘The student cannot find a better little book on this subject.” — Engineer. 

Cast Iron and other Metals^ Strength of, 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST 

IRON AND OTHER METALS. By Thomas Tredgold, C.E. Fifth 
Edition, including Hodgkinson's Experimental Researches. 8vo, xzs. cloth. 
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architecture:, building, etc. 

Construction. 

THE SCIENCE OF BUILDING : An Elementary Treatise on 
the Principles of Construction. By E. Wvndham Tarn, M.A., Architect. 
Second Edition, Revised, with 58 Engravings. Crown 8vo, ys. 6d. cloth. 

“ A very valuable book, which we stronfjly recommend to all students.” — Builder. 

** No architectural student should be without this handbook of constructional knowledge.”— 
Architect. 

Villa Architecture. 

A HANDY BOOK OF VILLA ARCHITECTURE : Being a 

Series of Designs for Villa Residences in various Styles. With Outline 
Specifications and Estimates. By C. Wickes, Architect, Author of “The 
Spires and Towers of England,” &c. Gi Plates, 4to, £i ns. 6d. half-morocco, 
gilt edges. 

“ Tfie whole of the designs bear evidence of their being the work of an artistic architect, and 
they will prove very valuable and suggestive.” — J>Hilili/t^ A'cjvs. 

Teoct-Hoolc for Architects. 

THE ARCHITECTS GUIDE: Being a Text-Book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, Clerks of 
TPorfts, &c. &c. By P'rederick Rogers, Architect, Author of “ Specifica- 
tions for Practical Architecture,” &c. Second Edition, Revised and Enlarged. 
With numerous Illustrations. Crown 8vo, Cs. cloth, 

•• As a text-book of useful information for architects, engineers, surveyors, &c., it would be 
hard to find a handier or more complete little volume.” — Standard. 

"A j'^oung architect could hardly have a better guide-book .” — Timber Trades yournal, 

Taylor and Cresy’n Home. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.R.I.B.A., and Edward Cresv, Esq. New 
Edition, thoroughly revised by the Rev. Alexander Taylor, M.A. (son of 
the late G. L. Taylor, Esq.), Fellow of Queen’s College, Oxford, and Chap- 
lain of Gray’s Inn. Large folio, with 130 Plates, hall-bound, 3s. 

N.B. — This is the only book which gives on a large scale, and with the precision 
of architectural measurement, the principal Monuments of Ancient Rome in plan, 
elevation, and detail. 

“Taylor and Cresy’s work has from its first publication been ranked among those professional 
books whicli c.annot be bettered. ... It would be diflicult to find ex.ainples of drawings, even 
among those of the most i)aiii‘.taking students of Gothic, more thorouglily worked out than are tlie 
one hundred and thirty plates in this volume.” — Architect. 

A rchi tectn ral JDratving. 

PRACTICAL RULES ON DR A WING, for the Operative Builder 
and Young Student in Architecture. By George Pyne. With 14 Plates, 4to, 
ys. 6d. boards. 

Civil Architecture. 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. 

By Sir William Chambers. F.R.S. With Illustrations, Notes, and an 
Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. Edited by 
W. H. Leeds. 66 Plates, 410, zis. cloth. 

House Huilding and Hepairing, 

THE HOUSE-OWNER'S ESTIMATOR ; or, What will it Cost 
to Build, Alter, or Repair? A Price Book adapted to the Use of Unpro- 
fessional People, as well as for the Architectural Surveyor and Builder. By 
the late James D. Simon, A.R.I.B.A. Edited and Revised Iw Francis T. v/. 
Miller, A.R.I.B.A. With numerous Illustrations. Third EcUtion, Revised. 
Crown 8vo, 3s. 6d, cloth. 

*' In two years it will repay its cost a hundred times over” — Field, 

•* A very handy book,”-~£ njrlish Mechanic, 
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JDesigningf Measuring^ and Valuing, 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS' WORKS. Containing Directions for 
taking Dimensions, Abstracting the same, and bringing the Quantities into 
Bill, with Tables of Constants, and copious Memoranda for the Valuation of 
Labour and Materials in the respective Trades of Bricklayer and Slater, 
Carpenter and Joiner, Painter and Glazier, Paperhanger, &c. With 8 Plates 
and 63 Woodcuts. Originally edited by Edward Dobson, Architect. Fifth 
Edition, Revised, with considerable Additions on Mensuration and Construc- 
tion, and a New Chapter on Dilapidations, Repairs, and Contracts, by E. 
Wyndham Tarn, M.A. Crown 8vo, 9s. cloth. 

“ Well fulfils the promise of its title-parre, and we can thoroughly recommend it to the class 
for whose use it has been compiled. Mr. Tarn’s additions and revisions have tnuch increased the 
nsefulness of the work, and have especially augmented its value to students." — JS/i^iueerin^. 

“The work has been carefully revised and edited by Mr. E. Wyndham Tarn, M.A., and com- 
prises several valuable additions on construction, incnsuration. dilapitlations and repairs, and other 
matters. . . . This edition will be found the most complete treatise on the principles of measur- 

ing and valuing artificers’ work that has yet been published.” — Building Aews. 

Rochet Estimator and Technical Guide, 

THE POCKET TECHNICAL GUIDE, MEASURER AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS. Containing Tech- 
nical Directions for Measuring Work in all the Building Trades, with a 
Treatise on the Measurement of Timber and Complete Specifications for 
Houses, Roads, and Drains, and an easy Method of Estimating the various 
parts of a Building collectively. By A. C. Beaton, Author of “ Quantities 
and Measurements,” &c. Fourth Edition, carefully Revised and Priced 
according to the Present Value of Materials and Labour, with 53 Woodcuts, 
leather, waistcoat-pocket size, is. 6d. gilt edges. 

“No builder, architect, surveyor, or valuer should be without his* Bcatou's Guide.” — 
Neivs. 

“ Contains an extraordinary amount of informiition in daily requisition in measuring and 
•stiinating. Its presence in tlie j>ocket will .save valual>le time and troulde ." — Jfot /d. 

•• An cxceiMlingly handy pocket companion, ihorouglily rclialde.’’— WecA'/y A’r/i’ ; / 
“This neat little compendium coiilaitis all that requhile in carrying out coiitrai.'. . to 
excavating, tiling, bricklaying, paving, &c .” — ilrUish J'radc 'Journal. 

Donaldson on Specifications, 

THE HANDBOOK OF SPECIFICATIONS : or, Practical 

Guide to the Architect, Engineer, Surve5or. and Builder, in drawing up 
Specifications and Contracts for Works and Constructions. Illuslratecl by 
Precedents of Buildings actually executed by eminent Architects and En- 
gineers. By Professor T. L. Donaedson, P.R.I.B.A., &c. New Edition, in 
One large Vol., 8vo, with upwards of 1,000 pagee of Text, and 33 Plates, 
£i IIS. 5d. cloth. 

“Jii this work forty-four specifications of executed works arc given, Including the specifica- 
tions for p.arls of the new Houses of Parliament, by Sir Charles Itarry, and fi)r the new Royal 
Exchange, by Mr. Tite, M.P. The latter, in particular, is a very coin}>lete and remarkable 
document. It embodies, to a great extent, .as air. Donaldson meiuions, ‘the bill of quantities 
with the description of the works.' . . . It is valuable as a rcc«)rd, ami more valuable still as a 
book of i)rocedeiits. . . . Suffice it to say that Donaldson's ‘Handbook of Specifications' 

must be bought by all architects.” — Builder. 


Dartholomew and Eogers^ Specifications, 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on the Structure and Science of Modern Buildings. Upon the Basis of the 
Work by Alfred Bartholomew, thoroughly Revised, Corrected, and greatly 
added to by Frederick Rogers, Architect. Second Edition, Revised, with 
Additions. With numerous Illusts., medium 8vo, 15s. cloth. 

“ The collection of specifications prepared by Mr. Rogers on the basis of Bartholomew's work 
Is too well kno^vn to need any recommendation from us. It is one of the books with which every 
young architect must be equipped ; for time has shown that the specifications cannot be set aside 
through any defect in them.'' — Architect. 

“ Good forms for specifications arc of considerable value, and it was an excellent idea to com- 
pile a work on the sublet upon the basis of the late Alfred Bartholomew's valuable work. The 
second edition of Mr. Rogers's book is evidence of the want of a book dealing with modern re* 
uuireiueiUs and materials ?’ — Bnildinff News. 
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Geometry for the Architect^ Engineer^ etc, 

PRACTICAL GEOMETRY^ for the Architect, Enghieer and 
Mechanic. Giving Rules for the Delineation and Application oi various 
Geometrical Lines, Figures and Curves. By E. W. Tarn, M.A., Architect, 
Author of “The Science of Building,” &c. Second Edition. With Appen- 
dices on Diagrams of Strains and Isometrical Projection. With 172 Illus- 
trations, demy 8vo, gs. cloth. 

No book with the same objects in view has ever been ptiiilished in which the clearness of the 
rt:les 3 .aid down and the illustrative diagrams have been so satisfactory.” — Scotsman. 

“This is a manual for the practical man, whether architect, etitniiecr, or ntec;hanic. . . . The 

object of the author Itcing to avoid all abstruse fmniiila? or ctuinilicatt.'d methods, and to enable 
persons with but a moderate knowledge of geometry to workout tac ijroblcms required.”— A 
Mechanic. 

The Science of Geometry, 

THE GEOMETRY OF COMPASSES; or, Problems Resolved 

by the mere Description of Circles, and the use of Coloured Diagrams and 
Symbols. By Olivkk Byrne. Coloured Plates. Crown 8vo, 3s. 6d. cloth. 

“ The treatise is a goofl one, and rein.rrkable— like all Mr. I?\-rwe’s contributions to the science 
of gcometrj’ — for the lucid character of its teaching." — lUtildin" A'cws. 


DECORATIVE ARTS, etc. 


Woods and Marhles (Imitation of), 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 

AND MARHLES, as Taught and Practised by A. R. Van per Burg and P. 
Van dkr Burg, Directors of the Rotterdam Painting Institution. Royal folio, 
aSj by 12^ in., Illustrated with 24 full-size Coloured Plates; also 12 plain 
Plates, comprising 154 Figures. Second and Cheaper Edition. Price £i iis. Od, 


List 0/ Plates. 


1. Various Tools required for Wood Painting 
- -fl, y Walnut: Preliminary Stages of Graining 
and I'inished Specimen — 4. Tools used for 
Marble Painting and Method of Manipulation — 
5. 6. .St. Reini Marble; Earlier (.(peratinns anti 
pinished Specimen — 7. Methods of Ski-tching 
dilferent Grains, Knots, Ac. — 8. 9. Ash; Pre- 
liininary Stages and l<'inisht;d S^>ecimcn — jo. 
Methods of Sketching Marble (.rains— ii, la. 
Hrechc Marble; Preliminary Stagijs of Working 
and IMnished Specimen— 13. Maple : Methods 
of Protlucing the different (’.rains — 14, 15. JJird’s- 
eye Maple: Preliminary Stages and Finished 
Specimen — 16. Methods t)f Sketching the dif- 
feroit Species of White Marble— 17. 18. White 
Marble: Preliminary Stages of Process and 


! Finished Specimen — 19. Mahogany; Specimens 
! of variou.s (irainsand Mt?thod.s of Manii>ulntion 
; — 20, zr. Mahogany; Earlier .Stages and l-'ini.shed 
I Specimen — 22, 24. Sienna Marble ; Varietie.s 

ol Grain, Preliminary Stages anti Finishetl 
Specimen — 25, 26, 27. Juniper Wood: Methods 
of pn'tlncing C'.raiu, &c.: Preliminary Stages 
and Finished Specimen — 28, 29, 30. Vert de 
Mer Marble: VuritUics t)f Grain and Methods 
of Working Unfinished anti I'ini.shcd Speci- 
mens — 31. 32. 33. Oak : Varieties tif (irain, Tot.l i 
Employed, and Mt.'thotl.s of Maniinilatiou, Pre- 
liminary Stage.s and Finished Specimen — 34, 35. 
36. Waulsort Marble: V'aricties of Graiii, Un- 
I muslied and I-'inished Specimens. 


Opinions of the Press. 

“ Those who de.sire to attain .skill in the art of painting w-oods and marbles w ill find advantage 
In consulting this book. . . . Some of the Working Men’s Clubs should give ttieir young men 
the opportunity to study it.” — Jiuil.ier. 

“ A comprehensive guide to the .art. The explanations of the processes, the manijiulation and 
management of the colours, and tlie beautifully executctl plates will not be the least valuable to the 
stuiient who aims at making his work a faithful transcript of nature." — j\t 7 vs. 

“ Students and novices are fortunate who are able to become tlie possessors of so noltr a 
work. v/ rchitect. 


Souse Decoration, 

ELEMENTARY DECORATION. A Guide to the Simpler 

Forms of Everyday Art, as applied to the Interior and Exterior Decoration 0/ 
Dwelling Houses, &c. By James W. Facey, Jun, With 68 Cuts. 121110, 2s. 
cloth limp. 

** As a technical guide-book to the decorative painter it will be found reliable." — Building' JVeii's. 

PRACTICAL HOUSE DECORATION : A Guide to the Art of 
Ornamental Painting, the Arrangement of Colours in Apartments, and the 
principles of Decorative Design. With some Remarks upon the Nature and 
Properties of Pigments. By James Wileiam Facey, Author of “ Elementary 
Decoration,” &c. With numerous Illustrations. i2mo, 25. 6 d. cloth limp. 
N.D. — The above Two TPoifts together in One Vol., strongly half-bound, 5s, 
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<Ioloiir, 

A GRAMMAR OF COLOURING. Applied to Decorative 

Painting and the Arts. By George Field. New Edition, Revised, Enlarged, 
and adapted to the use of the Ornamental Painter and Designer. By Ellis 
A. Davidson. With New Coloured Diagrams and Engravings. i2mo, 3s. 6d, 
cloth boards. 

"The book is a most useful resume of the properties of pig^raents." — Builder, 

House JPainting^ G raining , etc, 

HOUSE PAINTING. GRAINING. MARBLING, AND SIGN 
WRITING, A Practical Manual of. By Ellis A. Davidson. Fifth Edition. 
With Coloured Plates and Wood P 2 ngravings. 121110, 6s. cloth boards. 

A m.oss of information, of use to the amateur and of value to the practical man.” — English 
STfchnttitr. 

‘‘.Simplj' invaluable to the youngster enterincr nT>on this particf.lar calling, and highly scrvicc- 
.able to the man who Ls jiractising it ." — Furnittirc GazclU. 

I>ecorators, Jteceipts for, 

THE DECORATOR'S ASSISTANT : A Modern Guide to De- 
corative Artists and Amateurs, Painters, Writers, Gilders, &c. Containing 
upwards of 600 Receipts, Rules and Instructions ; with a variety of Informa- 
tion for General Work connectt:d with every Class of Interior and Exterior 
Decorations, &c. 152 pp., crown 8vo, js, in wrapper. 

" 1‘nll of receipts of value to derorator-;, paintt?rs. gilders, &c. Tlie book contains the gist o 
.H.arcoa- treatises on colour and tcchnic.al prc»ce.sscs. It v\<juld be ilifTicult to meet with a work so fu;l 
v)f varied information on the paintt'.r's .art.”— AVTtvr. 

'• recoinrncnd the work to all who, whether for pleasure or profit, require a guide to decora- 
tion.” — Plittnbir and Decorator. 

JMogr Smith on Interior Decoration, 

ORNAMENTAL INTERIORS. ANCIENT AND MODERN. 

By J. Moyr S.mith. Super-royal 8vo, with 32 full-page Plates and numerous 
smaller Illusts., handsomely bound in cloth, gilt top, price i8s. published. 

liss* /«“ Ornamental Interiors” the designs of more than thirty artist- 
decorators and architects of high standing have been illustrated. The book may 
therefore fairly claim to give a good general view of the works of the modern school 
•of decoration, besides giving characteristic examples of earlier decorative arrange- 
ments. 

“Ornamental Interiors” gives a short account of the styles of Interior 
Decoration as practised by the Anaents in Egypt, Greece, Assyria, Rome and Byzan- 
tium. This part is illustrated by characteristic designs. The main body of the 
work, however, is devoted to the illustration of the modern styles of Decorative Art, 
and many examples are given of decorative designs suitable for modern Dining- 
)Rooms, Drawing-Rooms, Libraries, Staircases and Halls, Parlours, Studies and 
Smoking-Rooms. The Decoration of Public Buildings is illustrated by views of the 
chief State Apartments in Buckingham Palace and Windsor Castle, the Salle de 
Leys at A ntwerp, the Salle de Mariages at Brussels, and of other works which have 
.distinctive features suitable for the purpose. 

*** Opinions of the Press. 

” The book is well illustrated and handsomely got up. and contains some true criticism and a 
i/jooS many good exainijlcs of decorative trc.atmeiit." — T/tr HuiLicr. 

“ We can greatly cunmieiKl Mr. Moyr Smith's book, for it is the production of one professedly 
capable in decor.ative work, .and nboiiads with useful hints and (.le.criptions of executed modcra 
work, together with a well-put resume of ancient styles. . . . As much a book for the drawing- 

Toom as for the manufacturer.'' — The British A rchttect. 

“ Well fitted for the dilettante, amateur, and professional designer.” — Decoratifm. 

" This is the most elaborate, and beautiful work on the artistic decoration of interiors Uiat we 
have seen. . . . The scrolls, jianels and other designs from the author's own peu are very 

tieautiful and chaste ; but he takes care that the designs of other men shall figure even more than 
Jtiis own." — Liverpool Albion. 

“To all who take an interest in elaborate domestic ornament this handsome volume will be 
welcome." — Graphic. 

" Mr. Moyr Smith deserves the thanks of art workers for having placed within their reach a 
tKKjk that seems eminently adapted to afford, by ex,ainpte and precept, that guidance of which 
most craftsmen stand in ncfsa." —Furniture Gazette. 

Dritiah and Foreign Marbles, 

MARBLE DECORATION and the Terminology of British and 
Foreign Marbles. A Handbook for Students. By Georgk H. Blagrove, 
Author of “ Shoring and its Application,” &c. With 28 Illustrations. Crown 
6vo, 3s. 6d. cloth, [ J ust published 
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DELAMOTTE^S WORKS ON ILLUMINATION AND ALPHABETS. 


A PRIMER OF THE ART OF ILLUMINATION, for the Use of 

Beginners : with a Rudimentary Treatise on the Art, Practical Directions for 
its exercise, and Examples taken from Illuminated MSS., printed in Gold and 
Colours. By F. Dblamotte. New and Cheaper Edition. Small 4to, 65. orna* 
mental boards. 

“The examples of ancient MSS. recommended to the student, which, with much pood sense, 
the author chooses from collections accessible to all, are selected with judg:ment and ioiowledgei 
as well as taste." — Atkeneeum, 

ORNAMENTAL ALPHABETS, Ancient and Medieval, from the 
Eighth Century, with Numerals; including Gothic, Church-Text, large and 
small, German, Italian, Arabesque, Initials for Illumination, Monograms, 
Crosses, &c. &c., for the use of Architectural and Engineering Draughtsmen, 
Missal Painters, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c. &c. Collected and Engraved by F. Dei.amotte, and printed in 
Colours. New and Cheaper Edition. Royal 8vo, oblong, 25. 6d. ornamental 
boards, 

• ‘ For those who insert enamelled sentences round gilded ch.ilices, who blazon shop legends ovex 
shop-doors, who letter church walls with pithy sentences from the Decalogue, this book will be use- 
ful. — Athetueum. 

EXAMPLES OF MODERN ALPHABETS, Plain and Ornamental: 

including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Original Designs, and an Analysis of the Roman and 01dEngli.sh 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c. 
Collected and Engraved by F. Delamotte, and printed in Colours. New 
and Cheaper Edition. Royal 8vo, oblong, 2S. (id. ornamental boards. 

“There is comprised in it every possible shape into which the letters of the alphabet .ind 
numerals c;m be foimcd, and the talent w hich lias been expended in tlie conception of the various 
plain and ornamental letters is w’onderful.” — Standard. 

MEDIJEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. G. Delamotte. Containing 21 Pl.ates and Illuminate.) 
Title, printed in Gold and Colours. With an Introduction by T. Wiiaas 
Brooks. Fourth and Cheaper Edition. Small 4to, 45. ornamental boards. 

“ A volume in which the letters of the alnh.nbct come forth glorified in gilding andall the colours 
of the prism interwoven and intertw ined and intcnninglcd .’' — Sun 

THE EMBROIDERER'S BOOK OF DESIGN. Containing 

Initials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical 
Devices, Mediaeval and Modern Alphabets, and National Emblems. Col- 
lected by F. Delamotte, and printed in Colours. Oblong royal 8vo, 15. td. 
ornamental wrapper. 

“The book will be of grr.at assistance to ladies and young children who arc endowed with tlis 
art of plying the needle in this most oruainciital and useful pretty work ,” — Hast Anglian Times. 

Wood Carving, 

INSTRUCTIONS IN WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. With Ten large Plates, 2s. 6d. in emblematic 
wrapper, 

“ The handicraft of the wood-carver, so well as a book c.m impart it, may be learnt from ‘ A 
Lady’s* publication.” — Atkeneeum. 

“ The directions given are pUiin and easily understood ." — Enslish Mechanic. 

Glass JPaintirg, 

GLASS STAINING AND THE ART OF PAINTING ON 
GLASS. From the German of Dr. Gessert and Emanuel Otto Fromberg, 
With an Appendix on The Art of Enamelling. x2mo, 25. 6J. cloth limp. 

Zictter fainting, 

THE ART OF LETTER PAINTING MADE EASY. By 
Tames Grsig Badenoch. With X2 full-page Engravings of Examples, x5. cloth 
limp. 

“ The system Is a simple one. but*qu!te orfgfnal and well worth the careftil attention of letter 
painters. It can be easily mastered and rtmexabeiC(l.”—Buiiding Newt, 
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CARPENTRY, TmBER, etc. 

Tredgold’s Carpentry, Enlarged hy Tarn, 

THE ELEMENTARY PRINCIPLES OF CARPENTRY, 

A Treatise on the Pressure and Equilibrium of Timber Framing, the Resist- 
ance of Timber, and the Construction of Floors, Arches, Bridges, Roofs, 
Uniting Iron and Stone with Timber, &c. To which is added an Essay 
on the Nature and Properties oi Timber, &c., with Descriptions of the kinds 
of Wood used in Building ; also numerous Tables of the Scantlings of Tim- 
ber for different purposes, the Specific Gravities of Materials, &c. By Thomas 
Tredgold, C.E. With an Appendix of Specimens of Various Roofs of Iron 
and Stone, Illustrated. Seventh Edition, tnoroughly revised and considerably 
enlarged by E. Wyndham Tarn, M.A., Author of “The Science of Build- 
ing,'* &c. With Gi Plates, Portrait of the Author, and several Woodcuts. In 
one large vol., 4to, price £i 5s. cloth. 

“OuRht to be in every architect’s and every builder's library.” — BttUdfr. 

‘‘ A work whose monumental excellence must commend it wherever skilful c.arpentry is con- 
cerned. The author's principles arc rather confirmed than impaired by time. The additional 
plates are of great intrinsic value.” — Buildini^ Neii;s. 

Woodworking Machinery, 

WOODWORKING MACHINERY : Its Rise, Progress, and Co»- 
struction. With Hints on the Management of Saw Mills and the Economical 
Conversion of Timber. Illustrated with Examples of Recent Designs by 
leading English, French, and American Engineers. By M. Powis Bale, 
A.M. Inst. C.E., M.I.M.E. Large crown 8vo, 12s. 6d. cloth. 

“ Mr. Bale is evidently an expert on the subject and he has collected so much information that 
his book is all-sufficient for builders and others engaged in the conversion of timber.” — W rchi/ect. 

“The most comprehensive compendium of wood-w’orking machinery we have seen. The 
author is a thorough master of his suDjcct." — Building Nervs. 

“ The appearance of this book at the present time will, we should think, give a considerable 
Impetus to the onw-ard march of the machinist engaged in the designing and manufacture of 
wood-working madiines. It should be in the office cf every wood-working ia.c\.OTy"— English 
Mechanic. 

Saw Mills, 

SAW MILLS: Their Arrangement and Management, and the 
Economical Conversion of Timber. (Being a Companion Volume to “ Wood- 
working Machinery.”) By M, Powis Bale, A.M. Inst. C.E., M.I.M.E. 
With numerous Illustrations. Crown 8vo, los. 6d. cloth. 

“ The administration of a large sawing establishment is discussed, and the suhiect examined 
from a financial standpoint. Hence the size, sliape, order, and disposition of saw mills and the 
like are gone into in tletail, and the course of the timber is traced from its reccj>tion to its 
delivery m its converted state. We could not desire a more complete or practical ircalisc.” — 
Builder, 

“ We highly recommend Mr. Bale’s work to the attention and perusal of all those who are en- 
gaged in the art of wooil conversion, or who are about building or remodelling saw-mills on im- 
proved principles.”— AV wj. 

Carpentering, 

THE CARPENTER'S NEW GUIDE ; or, Book of Lines for Car- 
penters ; comprising all the Elementary Principles essential for acquiring a 
knowledge of Carpentry. Founded on the late Peter Nicholson’s Standard 
Work. A New Edition, revised by Arthur Ashpitel, F.S.A, Together 
\Vith Practical Rules on Drawing, by George Pynb, With 74 Plates, 
4to, £i IS. cloth. 

Handrailing. 

A PRACTICAL TREATISE ON HANDRAILING : Showing 

New and Simple Methods for Finding the Pitch of the Plank, Drawing the 
Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By George 
Collings. Illustrated with Plates and Diagrams. T2mo, is. 6<f. cloth limp. 
•' Will be found of praclicol utility in the execution of this difficult branch of joinerj'.”— r 
“ Almost every difficult phase oAhis somewhat intricate branch of joinerj' is elucidated by the 
aid of plates and explanatory letterpress.”— Gaxetle. 

Circular Work. 

CIRCULAR WORK IN CARPENTRY AND JOINERY: A 

Practical Treatise on Circular Work of Single and Double Curvature. By 
George Collings, Author of “ A Practical Treatise on Handrailing.*’ Illus- 
trated with numerous Diagrams, lamo, as. 6d. cloth limp. published, 

“ An excellent example of what a book of thLs kind should be. Cheap in price, clear in defini- 
tion and practical in the examples selected.”— 
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Timber MerehanVs Companion, 

THE TIMBER MERCHANT'S AND BUILDER^S COM^ 
PANION. Containing New and Copious Tables of the Reduced Weight and 
Measurement of Deals and Battens, of all sizes, from One to a Thousand 
Pieces, and the relative Price that each size bears per Lineal Foot to any 
given Price per I’etersburg Standard Hundred; the Price per Cube Foot of 
Square Timber to any given Price per Load of 50 Feet ; the proportionate 
Value ol Deals and Battens by the Standard, to Square Timber by the Load 
of 50 Feet; the readiest mode of ascertaining the Price of Scantling per 
Lineal Foot of any size, to any given Figure per Cube Foot, &c. &c. By 
William Dowsing. Fourth Edition, Revised and Corrected, Cr. 8vo, 3s. cl. 
"Every timber mcrcli.int and builder ouirht to possess it.” — //»// Aiiverfiser. 

" Wc are ulad to see a fourth etiition these admirable tables, which for correctness and 
simplicity of arrangement leave nothing to be desireil.” — Tiutl'cr J radcs ^ourna!. 

“An exceedingly well-arrangetl, clear, and concise manual of tables for the use of all who buy 
or sell timber .” — Journal of Jhorcstry. 

Practical Timber Merchant, 

THE PRACTICAL TIMBER MERCHANT. Being a Guide 

for the use of Building Contractors, Surveyors, Builders, &c., comprising 
useful Tables for all purposes connected with tlie Timber Trade, Marks of 
Wood, Essay on the Strength of Timber, Remarks on the Growth of Timber, 
&c. By W. Richardson. Fcap. 8vo, 3s. 6 ii. cloth. 

“This handy manual contains much valu.ible information for the use of timber merchants, 
builders, foresters, and all others couueclod with the grovvlR sale, and manufacture of timl)er.’ — 
Journal of Forestry. 

Timber Freight liootc, 

THE TIMBER MERCHANTS, SAW MILLER'S, AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules, 
Tables, and Memoranda relating to the Timber Trade, By William 
Richardson Timber Broker; together with a Chapter on “Spkkds of Saw 
Mill Machinery," by M. Powis Balk, M.I.M.E.. &c. i2mo, 3s. 6 d. cl. boards. 

“A very useful manual of rules, tables, and memoranda, relating to the timber trade. We re* 
commend it as a compendium of calculation to all timber measurers and merchants, and as supply* 
Jug a real want in the trade."— News. 

Facking^Case MaJzers, Tables for, 

PACKING-CASE TABLES ; showing the number of Super- 
ficial Feet in Boxes or Packing-Cases, from six inches square and upwards. 
By W, Richardson, Timber Broker. Second Edition. Oblong 4to. 3s. 6 d. cl. 
“ Invaluable labour-saving tables.” — Ironnionjrer. ** Will save much labour." — Grocer, 

Superficial Measurement, 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in length, by i to 108 
inches in breadth. For the use of Architects, Surveyors, Engineers, Timber 
Merchants, Builders, &c. By James Hawkings. Third Edition. Fcap., 
3s. 6 d. cloth. 

“ A useful collection of tables to facilitate rapid c.alculation of surfaces. The exact area of any 
■surface of which the limits have been ascertained e:an bei nstantly determined. The book will bo 
found of the greatest utility to all engaged in building operations.” — Scotsman, 

Forestry, 

THE ELEMENTS OF FORESTRY. Designed to afford In- 
formation concerning the Planting and Care of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F. B. 
Hough. Large crown 8vo, los. cloth. 

Timber Importer's Guide, 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS AND 

BUILDER'S STANDARD GUIDE. By Richard E. Grandy. Compris- 
ing an Analj^is of Deal Standards, Home and Foreign, with Comparative 
Values and Tabular Arrangements for fixing Nett Landed Cost on Baltic 
and North American Deals, including all intermediate Expenses, Freight. 
Insurance, &c. &c. Together with copious Information for the Retailer and 
Builder. Third Edition, Revised, lamo, as. 6 d. cloth boards. 

“ Eveiything it pretends to be : built up gradually, it leads one from a forest to a treenail, and 
throws in. as a makeweight, a host of material concerning bricks, columns, cisterns, 



21 


NAVAL ARCHITECTURE, NAVIGATION, eic. 


NAVAL ARCHITECTURE, NAVIGATION, etc. 

Chain Cables. 

CHAIN CABLES AND CHAINS. Comprising Sizes and 

Curves of Links, Studs, &c., Iron for Cables and Chains, Chain Cable aud 
Chain Making, Forming and Welding Links, Strength of Cables and Chains, 
Certificates for Cables, Marking Cables, Trices of Chain Cables and Chains, 
Historical Notes, Acts of Parliament, Statutory Tests, Charges lor Testing, 
List of Manufacturers of Cables, &c. &c. By Thomas W. Tkajll, F.E.R. N., 
M. Inst. C.E., Engineer Surveyor in Chief, Board of Trade, the Inspector 
of Chain Cable and Anchor Proving Kstablishinents, and General Superin- 
tendent, Lloyd's Committee on Proving Establishments. With numerous 
Tables, Illustrations and Lithographic Drawings. Folio, £z 2s. cloth, 
bevelled boards. 

The author writes not only with a full acquaintance with scientific fonuul.r and details, hut 
also with a profound and fully-instructed sense of the imi»orl;uite to the safety of our sliips au l 
Sailors of fidelity in the manufacture of cables.” — AtJiencrutn. 

" 'I'lic business of chain cable making is well t;\plaiucil aud illustrated. We can sab !;.• re ■•lui- 
mend this work, to all iii any wuj' coiiiiected with the manufacture of chain cable.s ami th.iiu's as a 
yood book.” — Nature. 

“ It contains a vast amount of valu.able information. Nothing seems to be wanting to m.’.ke i: 
a complete and standard work of reference on the .subject .” — Nattlical 

I^ochet-‘^oolc for l^aval A rchitects and Shipbuilders, 
THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK of Formtila,RuUs,and Tables, and MARINE ENGINEER'S 
AND SURVEYOR'S Handy Book of Reference. By Clement Mackrow, 
Member of the Institution of Naval Architects, Naval Draughtsman. Thiid 
Edition, Revised. With numerous Diagrams, &c. Fcap., 12s. Qd. strongly 
bound in leather. 

“Should be used by all who are engaged in the construction or design of vessels. , . . WUl 
be found to contain the most useful tal>les and foriuula; required by shipbuild«;rs, carefully collected 
from llie best authorities, and put to.gcther in a pojnilar and .simple form.” — Jingineer. 

“ The professional shipbuilder h.as no\%-. in a ( onvenient and accessible form, reliable data for 
solving many of the numerous problems that prese nt themselves in the cf>nrsc of his work." — 

"There is scared}' a subject on which a naval architect or shipbuildctr can require to refn-'b 
his memory which will not be found within the covers of Mr. Mackrow’s English Mechanu. 

J^ocJcet-BooJc for Marine Engineers, 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULA FOR MARINE ENGINEERS. By Frank Proctor, A.I.N.A. 
'riiird Edition. Royal 33mo, leather, gilt edges, with strap, 4s. 

“We recommend it to our rts'iders as going far to supply a long-felt want.’’ — NaZ'aJ Science. 

“A must useful companiou to all marine engineers .” — Uftiied Service Gazelle, 

L'i ghthouses. 

EUROPEAN LIGHTHOUSE SYSTEMS. Being a Report of 

a Tour of Inspection made in 1873. By Major Georgi: II. Et.liot, Corps of 
Engineers, U.S.A. Illustrated by 51 Engravings and 31 Woodcuts, favo, 
2IS. cloth. 

The follotoing are published in Weag^'s Ri dime n tar v Serifs. 

MASTING. MAST-MAKING. AND RIGGING OF SHIPS. By 

Robert Kipping, N.A. Fifteenth Edition. 121110, zs. 6 d. cloth boards. 
SAILS AND SAIL-MAKING. Eleventh Edition, Enlarged, with 
an Appendix. By Robert Kipiung, N.A. Illustrated. 121110, 35. cloth boards. 
NAVAL ARCHITECTURE. By Tames Peake, Fifth Edition, 
with Plates and Diagrams. i2mo, 4s. cloth boards. 

MARINE ENGINES AND STEAM VESSELS (A Treatise on). 

By Robert Murray, C.E., Principal Ofiicer to the Board of Trade for the 
East Coast of Scotland District. Eighth Edition, thoroughly Revised, with 
considerable Additions, by tlie Author and by Gkorgk Carlisle, C.E., 
Senior Surveyor to the Boardbf Trade at Liverpool. 121110, 5s. cloth boards. 

PRACTICAL NAVIGATION. Consisting of The Saieor’s Sea- 

Book, by Jas. Greenwood and W. H. Rosser ; together wdth the requisite 
Mathematical and Nautical Tables for the Working of the Problems, by 
Henry Law, C.E. and Prof, J. R, Young, Illustrated lamo, 7s. half-bound. 
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MINING AND MINING INDUSTRIES. 

Metalliferous Mining, 

BRITISH MINING : A Treatise on the History, Discovery, Practical 

Development, and Future Prospects of Metalliferous Mines in the United King- 
dom. By Robert Hunt, F.R.S., Keeper of Mining Records; Editor of 
“ Ure’s Dictionary of Arts, Manufactures, and Mines," &c. Upwards of 950 
pp., with 230 Illustrations. Second Edition, Revised. Super-royal 8vo, 
£z 2 S. cloth. [just published. 

Opinions of the Press. 

"One of the most valuable works of reference of modern times. Mr. Hunt, as keeper of mining 
records of the United Kingdom, has had opportunities for such a task not enjoyed by anyone else, 
and has evidently made the most of them. . . . The language and style adopted arc good, and 
the treatment of the various subjects laborious, conscientious, and scientific.” — Bngineenns- 

"Probably no one in this country was better qualified than Mr. Hunt for undertaking such a 
work. Brouglit into frequent and ch>se association during a long life-time with the principal guar- 
dians of our mineral and metallurgical industries, he enjoyed a position exceptionally favourable 
for collecting the necessary information. The use which he has made of his opportunities is suffi- 
ciently attested by the dense mass of information crowded into the handsome volume which has 
just been published. ... In placing l>efore the reader a sketch of the present position of 
British Mining, Mr. Hunt treats his subject so fully and illustrates it so amply that this section really 
fonns a little treatise on practical mining. . . . The book is, in fact, a treasure-house of statistical 
information on mining subjects, and we Know of no other work embodying so great a mas.s of matter 
of this kind. AVere this tne only merit of Mr. Hunt's volume it would oe sufficient to render it 
indispensable in the library of everyone interested in the development of the mining and metallur- 
gical industries of this country.” — Atheuerutn. 

_ "A mass of information not elsewhere available, and of the greatest value to those who may 
be interested in our great mineral industries.” — Eui^neer. 

" A sound, business-like collection of interesting facts. . . . The amount of information 

Mr. Hunt has brought together is enormous. . . . The volume appears likely to convey more 
instruction upion the sulncct than any work hitherto published.” — MUiitti^ yottr7tal. 

"The work will be for the mining industrj' what Jjr. Percy’s celebrated treatise has been for the 
metallurgical — a book that cannot with advantage be omitted from the library .”— attd Coal 
Trades Kevirw. 

^ ‘ * The literature of mining has hitherto possessed no work approaching In importance to that 
which has just been published. There is much in Mr. Hunt’s valuable work that every shareholder 
in a mine should read with close attention. The entire subject of practical mining — from the first 
search for the lode to the latest stages of dressing the ore — is dealt with in a masterly manner.* 
— Acadetny. 

Coal ami Iron, 

THE COAL AND IRON INDUSTRIES OF THE UNITED 

KINGDOM, Comprising a Description of the Coal Fields, and of the Princi- 
pal Seams of Coal, with Returns of their Produce and its Distribution, and 
Analyses of Special Varieties. Also an Account of the occurrence of Iron 
Ores in Veins or Seams; Analyses of each Variety; and a History of the 
Rise and Progress of Pig Iron Manufacture since the year 1740, exhibiting the 
Economies introduced in the Blast F’urnaces for its Production and Improve- 
ment. By Richard Meade, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United Kingdom. 
8vo, £i 8s. cloth. 

"The book is one which must find a place on the shelves of all Interested in coal and iron 
production, and in the iron, steel, and other metallurgical industries." — Eu^ineer. 

" Of this book we may unreservedly say that it is the best of its class which we have ever met. 
. . . A book of reference which no one engaged in the iron or coal trades should omit from his 
library.” — Iron and Coal Trades Revieiv. 

“An exhaustive treatise and a valuable work of reference .” — Mining youmal. , 

Prospecting for Gold and other Metals, 

THE PROSPECTOR’S HANDBOOK: A Guide for the Pro- 
spector and Traveller in Search of Metal-Bearing or other Valuable Minerals. 
By J. W, Anderson, M.A. (Camb.), F.R.G.S., Author of “Fiji and New 
Caledonia.” Third Edition, Revised, with Additions. Small crown 8vo, 
3s. Od. cloth. [just published. 

" Will supply a much felt want, especially among Colonists, in whose way are so often thrown 
many inineralo^cal specimens the value of which it is diificult for anyone, not a si>ecialist. to 
determine. The author has placed his instructions before his readers in the plainest possible 
terms, and his book is the best of its kind.” — Engineer. 

‘•How to find commercial minerals, and how to identify them when they are found, are the 
leading points to which attention Is directed. The author has managed to pack as much^ractical 
detail mto his pages as would supply material for a book three times its size .” — Mining youmal. 

" Those toilers who explore the trodden or untrodden tracks on the face of the globe will find 
much that is useful to them in this hooV.",—Athenaum. 
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Mining Notes and Formulce, 

NOTES AND FORMULAE FOR MINING STUDENTS. By 

John Herman Merivaee, M.A., Certificated Colliery Manager, Professor of 
Mining in the Durham College of Science, Newcastle-upon-Tyne. Second 
Edition, carefully Revised. Small crown 8vo, cloth, price 2s. 6 d. 

[^Just published. 

This book consists of a collection of notes and formula drawn from various 
sources, the authority being quoted in most instances. It is hoped that the work will 
be useful not only to students but to the profession. 

'I he principal sources of information upon mining matters are the Transactions 
of the various Engineering Societies to which the student, in most of our large towns, 
has access. A great many references to the most familiar of them are given, so that 
the student who wishes to follow up a subject may be in a position to acquaint himself 
with details which could not be included in a work like this. 

The examples of the use of the formula', at the end of the book, are merely given 
bo assist students working without a teacher. 

" Invaluable to anyone who is working up for an examination on mining subjects ."— .rnd 
/ro?t Trades Rcvteiu. 

“ The author has done his work in an exceedingly creditable manner, and has produced a book 
that will l)c of service to students, and those who arc practically engagecl in mining operations.'' — 
ilns^incer. 

'I A vast amount of technical matter of the utmost value to mining engineers, and of con idcr- 
r.blc interest to students."— 

Mineral Surveying and Valuing, 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 

GUIDE, comprising a Treatise on Improved Mining Surveying and the Valua- 
tion of Mining Properties, with New Traverse Tables. By Wm. Lintkkn, 
Mining and Civil Engineer. Second Edition, with an Appendix on “ Mag- 
netic and Angular Surveying.” with Records of the Peculiarities of Needle 
Disturbances. With Four Plates of Diagrams, Plans, See. lamo, 45. cloth. 

[Just published. 

" An enormous fund of information of grc.at v.aluc.” — Minits.z y ntrual. 

*• Mr. Liiucrn's book forms a valuable and thoroughly trustworthy guide ."— and Coat 
Trades Review. 

•' Tills new Cflition must be of the highest value to colliery surveyors, proprietors and mana- 
gers.” — Colliery Guardian. 

Metalliferous Minerals anti Mining, 

TREATISE ON METALLIFEROUS MINERALS AND 

MINING. By D. C. Davies, F.G.S., Mining Engineer, &c.. Author of ‘‘A 
Treatise on Slate and Slate Quarrying.” Illustrated with numerous Wood 
Engravings, Fourth Edition. Crown Hvo, 12s. Cd. cloth. 

"Neither the practical miner nor the general reader interested in mines, can have a better book 
or his companion and his guide." — Mining- yournal. 

"The volume is one which no student of mineralogy- should be ^\ithout ." — Colliery Guardian, 

" We are doing our readers a service in calling their attention to this valuable work ." — Mining 
fi'orld. 

“ A book that will not only be useful to the geologist, the practical miner, and the metallurgist, 
but also very interesting to the general public." — Iron. 

"As a history of the present state of mining throughout the world this book has a real value, 
;nd it supplies an actual w'aiit, for no such iuforiuatiou has hitherto been brought together within 
tucli limited space." — Atheneentn. 

Earthy Minerals and Mining^ 

A TREATISE ON EARTHY AND OTHER MINERALS 

AND MINING. By D. C. Davies, F.G.S. Uniform with, and forming a 
Companion Volume to, the same Author’s ” Metalliferous Minerals and 
Mining.” With 76 Wood Engravings. Second Edition. Crown 8vo, 12s. 6d. 
cloth. 

•• It is essentially a practical work, intended primarily for the use of practical men. ... We 
do not remember to have met with any Hnglish work on mining matters that contains the same 
amount of infonnation packed in equally convenient form.” — Academy. 

“ The book is clearly the result of many years’ careful work and thought, and we should be 
im liiu.d to rank it as among the very best 'of the handy technical and tratles manuals which have 
ffecently appeared ."— Quarterly Rcviciv. 

‘ Tlie volume contains a great in.ass of jiractical information carefully methodised and pre- 
sented in a very intelligible shape." — Scotsman. 

"The subject matter of the volume will be found of high value by all— and they are a numet • 
ous class — wlio trade in earthy minerals."— vf/Afine/r/M. 



CROSBY LOCKWOOD ^ SON'S CATALOGUE. 


24 


Underground dumping Machinery, 

MINE DRAINAGE. Being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with a Desci ip*- 
tion of a large number of the best known Engines, their General Utility and 
the Special Sphere of their Action, the Mode of their Applicatiotx, and 
their merits compared with other forms of Pumping Machinery. By Stepiikn 
Michell. 8vo, 15s. cloth. 

•‘AVill be hifjhly esteemed by collie^ owners and lessees, mining' engineers, and students 
generaHy who require to be acquainted with the best means of securing tlie drainage of mines. It 
Is a most vahialile work, and stands almost alone in the literature of steam pumicing machinery.' — 
Cclliery Guardian. 

“ Mucli valuable information is given, so that the liook is thoroughly worthy of an exten ave 
circulatitm amongst practical men and purchasers of machinery. ' — journal. 

Mining Tools, 

A MANUAL OF MINING TOOLS. For the Use of ISTine 

Managers, Agent.?, Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. i2mo, 3s. cloth boards. 

ATLAS OF ENGRAVINGS to Illustrate the above, contain- 
ing 235 Illustrations of Mining Tools, drawn to scale. 4to, 4s. Gd. cloth, 

“ Students in the science of mining, and overmen. c.-iptains, managers, and viewers may gaiji 
practical knowledge and u.seful hints by the stutlv of Mr. Morgans’ manual.” — Colliery Guardian. 

"A valuable work, which will tend materially to improve our mining literature.” — Minitijs* 
Joumal. 

Coal Mining. 

COAL AND COAL MINING : A Rudimentary Treatise on. By 
Sir Warington W. Smyth, M.A., P'.K.S., See., Chief Inspccior of the Mines of 
the Crown. New Edition, Revised and Corrected. With numerous Illus- 
trations. iziuo, 4.9. cloth boards, 

"As an outline i.s given of every known coal-field in this and otlier countries, as well as of the 
principal methods of working, the book will doubtless interest a very large nuniber of readers.” — 
Mining Journal. 

Subterraneous S urveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on; with and without the Magnetic Needle. By Thomas Fenwick., 
Surveyor ol Mines, and Thomas Baker, C.E. Illustrated. lamo, jS. cloth 
boards. ^ — 

NATURAL AND APPLIED SCIENCE. 

Text JIooJc of Electricity. 

THE STUDENT’S TEXT-BOOK OF ELECTRICITY. By 

Henry M. Noap, Ph.D., F.R.S., F.C.S. New Edition, carefully Revised. 
With an Introduction and Additional Chapters, by W. H. Pkekce, M.I.C.E., 
Vice-President of the Society of Telegraph Engineers, &c. With 470 Illustra- 
tions. Crown 8vo, i2J. 6d. cloth. 

“ The original plan of thi.s book has been carefully adhered to so as to make it a reflex of ihi 
existing state of electrical science, adapted for students. . . . Discovery seems to have pro- 

gressed with marvellous strides ; ncvertlnde.ss it has now apparently ceased, and practice'll appiicn - 
tiotis have commenced their career ; and it is to give a haithful account of these that this frt sit 
edition of Dr, Noad's valuable text-book is launched forth." — Extractjroni Introduction by il \ 11. 
Preece, hi.q. 

" W'e can recommend Dr. Noad's book for clc.ar style, great range of subject, a good indc.x, 
and a plethora of ■woodcul.s. Such collectiou.s as the pre.seiit are indispen.sable.'^ — ylthoiLeitm. 

" r>r. Noad’s text-book has e.arned for itself the reputation of a truly scientific manual for thn 
Student of electricity, and we gladly hail this new aiiunided edition, ■which brings it once more to 
the front. Mr. Preece as reviser, with the assistanc e of Mr. II. K. Kemijc and Mr. J. P. Edwards, 
has added all the practical results of recent invention and research to the admirable theoretical 
expositions of the author, so that the book is about as complete and advanced as it is possible for 
any book to be within the limits of a text-book." — Telegraphic Journal. 

Electricity, 

A MANUAL OF ELECTRICITY : Including Galvanism, Mag- 

netism, DiOr-M agneiism, Klcclro-Dynamics, Magno-Electricity, and the Electric 
Telegraph. By Henry M. Noap, Ph.D., F.R.S-, F.C.S. Fourth Editiou. 
With 500 Woodcuts. 8vo, £1 4s. cloth. 

"The accounts given of electricity and galvanism are not only complete in a scientific sense 
but, which is a rarer thing, arc popehir and intercstiinr."— 

"It is worthy of a place in the library of every jiublic institution," — Mining Jourr.al. 
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Electric lAghU 

ELECTRIC LIGHT : Its Production and Use. Embodying Plaii> 
Directions for the Treatment of Voltaic Batteries, Electric Lamps, anci 
Dynamo-Electric Machines. By J. W. Urquhart, C.E., Author of “ Electro- 
plating.” Second Edition, with large Additions and 128 lllusts. 75. 6d. cloth. 
The book is by far the best that we have yet met with on the subject.” — Athenaum. 

•*lt is the only work at present available wliich ffives, in lantrnafre intelligible for the most part 
to the ordinary reader, a general but concise history of the means which have been adopted up to 
the present time in producing the electric light." — Metropolitan, 

^‘The l)Ook contains a general account of the nic.ans adopted in producing the electric ligh'Jt 
not only as obtained from voltaic or galvanic batteries, but treats at length of the dynamo-electric 
machine in several of its forms.” — Colliery Guardian. 

Electric Lighting, 

THE ELEMENTARY PRINCIPLES OF ELECTRIC LIGHT • 
ING. By Alan A. Campbell Swinton, Associate S.T.E. Crown 8vo, 
IS. 6d. cloth. 

"Anyone who desires a short and thoroughly clear exposition of the eletnentary principles oi 
electric-lighting cannot do better than read this little work..”— Hrad/ord Ubser-L'er. 

Er, Lardner’s School Mandhoohs, 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 

328 Illustrations. Sixth Edition. One Vol., 3s. 6d. cloth. 

“A very convenient class-book for junior students in private schools. It is intended to convey*. 
In clear and precise terms, general uotioirs of all tlie principal divisions of Physical Science." — 
British Quarterly Revieiv. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner. 
With 190 Illustrations. Second Edition. One Vol., 3s. Gd. cloth. 

"Clearly written, well arranged, and excelJcnily ilhlstniteil.” — Gardener’s Chro.'iicie, 

Er, Lardner^s Electric Telegraph, 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. Re- 
vised and Re-written by E. B. Bright, F.R.A.S. 140 Illustrations. SmalJ 
8vo, 25. 6d. cloth. 

“ One of Ute most readable books extant on the Electric Telegraph."— A Mechanic. 

Storms. 

STORMS : Their Nature, Classification , and Laws; with the Means 
of Predicting them by their Embodiments, the Clouds. By Wm. Blasius. 
With Coloured Plates and Woodcuts. Crown 8vo, los. Gd. cloth. 

" A very readable book. . . . The fresh facts cnnt.iined in its ji.agcs, collected with evidcn'i 
care, forma useful rcpositiiry for niet<.-i.»rol"gi.st.s in the; study of atniosiOierical ilistiirb.iuces. . . . 
The book will pay perusal as being the production of one who gives evideucu of acute observa- 
tion.” — .Xa/nrr. 

The Elowpipe, 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 

GEOLOGY. Containing all known Methods of Anhydrous Analysis, many 
Working Examples, and Instructions for Making Apparatus, liy Lieut. - 
Colonel W. A. Ross, R.A. With 120 Illustrations. Cr. 8vo, 3s. Gd. cloth. 

"The student who goes conscientiously through the course of exjierimentatiou here laiil down, 
will gain a better insight into inorganic cluMni-slry and mineralogy' than if he had ‘got up ' aiiy of 
the best text-books ot the day, and passed any number ot examinations in their contents." — Chemi- 
cal News. 

The Militarg Sciences, 

AIDE-MEMOIRE TO THE MILITARY SCIENCES. Framed 

from Contributions of O/Ticers ami others connected with the different Sei»- 
vices. Originally edited by a Committee of the Corps of Royal Engineers. 
Second Phlition, most carefully revised by an Officer of the Corps, with marvy 
Additions; containing nearly 350 Engravings and many hundred Woodcuts. 
Three Vols., royal Svo, extra cloth boards, and lettered, £4 los. 

"A compendious cncyclop.vdia of military knowledge, to which we are greatly indebted." — 
Edinburf^h Re^‘ie^v. 

Field Fortification, 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. By 
Colonel I. S. Macaulay, late Professor of Poi tilication in the R.M.A., Wool- 
wich. Sixth Edition, crown 8vo, cloth, with separate Atlas of 12 Plates, 12s, 
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Temperaments. 

OUR TEMPERAMENTS, THEIR STUDY AND THEIR 

TEACHING. A Popular Outline. By Alexander Stewart, F.R.C.S, 
Edin. In one large 8vo volume, with 30 Illustrations, including A Selection 
from Lodge’s “ Historical Portraits,’* showing the Chief Forms of Faces. 
Price 15s. cloth, gilt top. 

“The book is exceedingly interesting, even for those who are not systematic students of an- 
thropology. ... To those who think the proper study of mankind is man, it will be lull of attr.ic- 
tion. — Uaily Telegrafh. 

“The author’s object is to enable a student to read a man’s temperament in his aspect. 'The 
work is well adapted to its end. It is worthy of the attention of students of human nature.” — 
Scotstvan. 

“ The volume is heavy to hold, but light to read. Though the author has treated his subject 
exhaustively, he writes in a popular and pleasant manner that renders it attractive to the general 
reader.” — Punch. 

Pneumatics and Acoustics. 

PNEUMATICS : including Acoustics and the Phenomena of Wind 
Currents, for the Use of Beginners. By Charles Tomlinson, F.R.S., 
F.C.S., &c. Fourth Edition, Enlarged. With numerous Illustrations. 
i2mo, IS. 6d. cloth. published. 

*' Beginners in the study of this important application of science could not have a better manual." 
^Scotsman. 

“ A valuable and suitable text-book for students of Acoustics and the Phenomena of Wind 
Currents.” — Schoolmaster. 

Concliology. 

A MANUAL OF THE MOLLUSC A : Being a Treatise on Recent 

and Fossil Shells. By S. P. Woodward, A.L.S., F.G.S., late Assistant 
Palmontologist in the British Museum. Fifth Edition. With an Appendix 
on Recent and Fossil Conchological Discoveries, by Ralph Tate A.L. S., 
F.G.S. Illustrated by A. N. Waterhouse and Joseph Wilson Lowkv. 
With 23 Plates and upwards of 300 Woodcuts. Crown 8vo, 7s. 6d, cloth 
boards. 

** A most valuable storehouse of conchological and geological inform-ation."— SaVwfc Cosst/<. 

Astronomy. 

ASTRONOMY, By the late Rev. Robert Main, M.A., F.R.S., 

formerly Radclifife Observer at Oxford. Third Edition, Revised and Cor- 
rected to the present time, by Wilham Thynne Lynn, B.A., F.R.A.S., formerly 
of the Royal Observatory, Greenwich. i2mo, 2s. cloth limp. 

“A sound and simple treatise, very carefully edited, and a capital book for beginners." — 
Knowledge. 

"Accurately brought down to the requirements of the present time by Mr. Lynn.."-— 
oational Times. 

Geology. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 

AND HISTORICAL. Consisting of “Physical Geology " which sets forth 
the leading Principles of the Science ; and “ Historical Geology,” which 
treats of the Mineral and Organic Conditions of the Earth at each successive 
epoch, especial reference being made to the British Series of Rocks, By 
Ralph Tate, A.L.S., F.G.S., &c., &c. With 250 Illustrations. i2mo, 5s. 
cloth boards. 

“ The fulness of the matter has elevated the book into a manuaL Its information is exhaustive 
«jid well arranged." — School Board Chronicle. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or, Geology and 

Genesis : their Perfect Harmony and Wonde^ul Concord. By George W, 
Victor le Vaux. Numerous Illustrations. Fcap. 8vo, 5s. cloth. 

“A valuable contribution to the evidences of Revelation, and disposes very conclusively of the 
arguments of those who would set God’s Works against God's Word, No real difficulty is shirked, 
and no sophistry is left unexposed." — The Rock. 

“ The remarkable peculiarity of this author is that he combines an unbounded admiration of 
science with an unbounded adniir.ition of the Written record. The two impulses arc balanced to 
a nicety ; and the consequence is that difficulties, which to minds less evenly poised would be seri- 
ous, find immediate solutions of the happiest kinds. ' — London Reznew. 



27 


NATURAL AND APPLIED SCIENCE. 


DR. LARDNEWS HANDBOOKS OF NATimi PHILOSOPHY. 

THE HANDBOOK OF MECHANICS. Enlarged and almost re- 
written by Benjamin Loewy, F.R.A.S. With 378 Illustrations. Post 8vo, 
65. cloth. 

"The perspicuity of the original has been retained, and chy^ters which had become obsolete 
have been replaced by others of more modern character. The exi)lanations througchoui are 
studiously popular, and care has been taken to show the application of the various branches of 
physics to the industrial arts, and to the practical business of hie .” — Minitig yournal. 

" Mr. Loewy has carefully revised the book, and brought it up to modern requirements."— 
Nature. 

“ Natural philosophy has had few exponents more able or l>etter skilled in the art of popu- 
larising the subject than Dr. l.ardner ; and Mr. Loewy is doing good service in fitting this treatise, 
and the others of the series, for use at the present time.” — Scotsman. 

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 
New Edition, Revised and Enlarged, by Benjamin Loewy, F.R.A.S. With 
236 Illustrations. Post 8vo, 5s. cloth. 

"Tor those ‘who desire to attain an accurate knowledge of physical science without the pro- 
found inetliods of matliumatical investigation,* this work is not merely intended, but well adapted."’ 
—Chemical News. 

" The volume before us has been carefully edited, augmented to nearly twice the bulk of the 
former edition, and all the most recent matter has been added. . . . It is a valuable text-book." 

— Nature. 

" Candidates for pass examinations will find it. w'e think, specially suited to their requirements. ’ 
tlniiliik Mechanic. 

THE HANDBOOK OF HEAT. Edited and almost entirely re- 
written by Benjamin Loewy, F.R.A.S., &c. 117 Illustrations, Post 8vo, 6s. 
cloth. 

" The style is always clear and precise, and conveys instruction watliout leaving any cloudiness 
or lurking doubts behind.” — l'.n^ineeriu£^. 

"A most exhaustive book on the subject on which it treats, and is so arranged that it can be 

understood by all who tiesire to attain an accurate knowledge of physical science Mr. 

Loewy lias included all the latest discoveries in the varied kiws and effects of heat.” — Standard. 

"A complete and handy text-book fur the use of students and general readers.” — En^^lish 
Mechanic. 

THE HANDBOOK OF OPTICS. By Dionysius Lardner,D.C.L., 

formerly Professor of Natural Philosophy and Astronomy in University 
College, London. New Edition. Edited byT. Olver Harding, B.A. Lond., 
of University College, London. With 298 Illustrations. Small 8vo, 448 
pages, 5$. cloth. 

"Written by one of the ablest English scientific writers, beautifully and elaborately illustrated.” 
Mechanic s Majra:xine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND 
ACOUSTICS. By Dr. Lardner. Ninth Thousand. Edit, by George Carey 
Foster, B.A., F.C.S. With 400 Illustrations. Small Bvo, 5s. cloth. 

“ The book could not have been entrusted to anyone better calculated to preserve the terse and 
lucid style of l^nlncr, while correcting his errors and bringing up his work to the present State of 
scientific knowledge.” — Popular Science Kexnew. 

The above Five Volumes, though each is Complete in itself, form A Com- 
plete Course of Natural Philosophy. 


JDr» Lardner^s ITandhoolc of Astronomy. 

THE HA NDBOOK OF A STRONOM Y. Forming a Companion 
to the “ Handbook of Natural Philosophy.'* By Dionysius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. Fourth Edition. Revised and Edited by Edwin Dunkin. 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of 
100 Woodcuts. In One Vol., small 8vo, 550 pages, gs. 6(t. cloth. 

" Probably no other book contains the same amount of information in so compendious and well- 
arranged a form — certainly none at the price at which this is offered to tlie public.” — Athejicejim. 

"We can do no other than pronounce this work a most valuable manual of astronomy, and we 
rtrongly recommend it to all who wish to acquire a general— but at the same time correct— acquaint- 
ance with this sublime science ." — Quarterly yournal qP" Science, 

"One of the most deservedly popular books on the subject . . . We would recommend not 
only the student of the elementary principles of the science, but he who aims at mastering the 
higher and mathematical branches of astronomy, not to be witliout this work beside him.” — Pract^ 
tal Magazine, 
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DR. LARDNER’S MUSEUM OF SCIENCE AND ART. 

THE MUSEUM OF SCIENCE AND ART. Edited by 

Dionysius Lardner, D.C.L., formerly Professor of Natural Philosophy and 

Astronomy in University ColleRe, London. With upwards of i,2oo Engrav- 
ings on Wood. In 6 Double Volumes, i5., in a new and elegant cloth bind- 
ing ; or handsomely bound in half-morocco, 31s. Qd, 

Contents : 

The Planets; Are the}' Inhabited Worlds ? — | motive — Thermometer — New Planets; I.o- 
Weather Prognostics — Pojnilar I'allacies in 1 vorricr and Adams's Planet— Magnitude and 
Questions of Physical Science — l.atitndes and Miniiteness — Common Things : The Almanack 
Longitudes — Lunar InflucMices — Mctcwric j — Optical Images — How to ol)serve the Heavenj 
Stones and Shooting Stars — Railway Accidents — (.ommon Things: The Looking-glass — 
— Light — t-'ommon Things ; Air— l-ocomotion Stellar b'niverse — 'I he Tides — Colour— Com- 
in the United States— Cometary Influences — mon Things: Man— Magnifying Gla.sses— In- 
Common Things : Svater — The Potter’s Art— stinct and Intelligence — The Solar Microscope 
Common Things ; Fire — 1 .ocomotion and — The Camera laicida — The Magic Lantern — 
Transjiort, tlicir Hiflucnre and Progress — The The Camera Obsciira — The Microscope — The 
Moon — Common Things: The l-larth — The White Ants : Their Manners and Habits — The 
lilectric Telegraph — Terrestrial Heat — The Surface of the Lartlu or First Notions of 
Sun— Earthquakes and \'olcano(‘s— barometer, Ceograpliy— Science and I’octry — The bee— 
Safc'tj' Lamp, and ^Vhit\v(Jrth■s Micrc'Uietric Steam Navigation — Electro- Motive J’ower — 
Apparatus — Steam — The Steam Engine — The Thunder, Lightning, and the Aurora borealis 
Eye — The Atmosphere — 'l ime — Common ' — The Printing Press — The Crust of the Earth 

Things: Pumji.s — Common Things: Spectacles, —Comets — The Stereoscojie — The Pre-Adam- 
tlie Kaleidoscope — Clocks and Watches — ite Earth— Eclipses— Sound. 

Microscopic Drawing and Engraving— 1-oco- ' 

*** Opinions of the Press. 

•‘This series, besides affording popular but sound instruction on scientific subjects, >vith uhicli 
the humblest man in the country ought to be acquainted, also undertakes that teaching of ‘ L'om- 
inon Tilings ’ which every well-wisher t>f his kiiul is anxious to promote. Many thousaiul copies of 
this serviceable publication have been printed, in the belief and hope that the desire for instriution 
and imjirovement widely prevails ; and wc have no fear that such enlightened faith will meet with 
disajipointmcnL." — Times. 

“ A cheap and interesting publication, alike informing and attractive. The papers comliine 
subjects of imjiortancc and great .scientific knowledge, considerable inductive powers, and a 
popular style of treatment." — 

“The ‘ Museum of Science and Art’ is the most valn.able contribution that has ever V>een 
made to the Scientific Instruction ol every class of society.” — Sir DAVID bKliWs'J'liK, in the 
north British Review, 

“ Whether we consider the liberality and beauty of the illustrations, the charm of the writing, 
or the durable interest of the matter, we must exjiress our belief that there is hardly to lie fouml 
among the new books one that would be welcomed by people of so many ages and classes as a 
valuable present.” — Examiner. 

Separate books formed from the above, statable for Workmen's Libraries, 
Science Classes, tic. 

Common Things Eoeplalneef. Containing Air, Earth, Fire, Water, Time, 
Man, the Ej^e, Locomotion, Colour, Clocks and Watches, &c. 233 Illus- 

trations, cloth gilt, 55. 

The utlicroscope. Containing Optical Images, Magnifying Glasses, Origin 
and Description of the Microscope, Microscojiic Objects, the Sc>lnr Micro- 
scope, Microscopic Drawing and Engraving, &c. 147 lllust: aiions, cloth 

gilt, 25 . 

Geology, Containing Earthquakes and Volcanoes, the Crust of 
the health, &c. 201 IIlusli alions, cloth gilt, 25 . 6d. 

J*optilar J*hysics, Containing Magnitude and Minuteness, the Atmo- 
sphere, Meteoric Stones, Popular Fallacies, Weather Prognostics, the 
Thermometer, the Barometer, Sound, &c. 85 Illustrations, cloth gilt, 25. bd. 

Steam and its Uses, Including the Steam Engine, the Locomotive, and 
Steam Navigation. 89 Illustrations, cloth gilt, 25. 

Vopular Astronomy, Containing Howto observe the Heavens— The 
L.Ti th, Sun, Moon, Planets, Light, Comets, Eclipses, Astronomical Influ- 
ences, &c. 182 Illustrations, 4s. 6d. 

The Jiee and White Ants : Their Manners and Habits. With Illustra- 
tions of Animal Instinct and Intelligence, 135 Illustrations, cloth gilt, 25. 

The Electric Telegraph Vopularized. To render intelligible to all who 
can Read, irrespective of any previous Scientific Acquirements, the various 
terms of Telegraphy in Actual Operation, 100 Illustrations^ cloth gilt, 

IS. fid. 
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COUNTING-HOUSE WORK, TABLES, etc. 

jAccounts for ^lamifacturevs. 

FACTORY ACCOUNTS : Their Principles and Practice. A 

Handbook for Accountants and Manufacturers, with Appendices on the No- 
menclature of Machine Details; tin; Income Tax Acts; the RatiuR of Fac- 
tories; Fire and Boiler Insurance; the Factory and Workshop Acts, &c,, 
including also a Glossary of Terms and a large number of Specimen Rulinf^s. 
By Fmile Garcke and J. M. Fells. Second lidition. Demy Hvo, 250 pages, 
price los. 6d. strongly bound. [^“5^ published. 

of tlie most imijorinnt works over ptil>li-hed dealing with these matters. The autiiors 
have treated the subject Irom lln^ standinaiit of the. factory, as pr.ictical men six-aking to practical 
men, and not, .as has l)een too often tlic- case, as schoohn.asiers to sclitiolboys." — hlcctriciax. 

“ A very interesting ilescrijition of the reiiiiireiiients of I'a; lory Accounts. . . . the imnr.iple 

of assimilating tiie l actorj' Accounts to the general coiiiinerci.al books is one w hich we thoroughly 
igree wnh.’'—ytrroTmia)tis' Journal. 

“Characterised liy extreme thoroughness. Th<*re are few owners of I'actories who would 
not d( ri\e great benefit from the periis.al of thi.. most admirable work.” — J.Otul Government 

JFordgn Commercial Correspondence, 

THE FOREIGN COMMERCIAL CORRESPONDENT : Being 

Aids to Commercial Correspondence in Five Languages — F.ngiish, French, 
German, Italian and Spanish. By Charles E. Baker. Crown Bvo, price 
about 5s, [/a brcparalion. 

Intuit i ve Calculati ons, 

THE COMPENDIOUS CALCULATOR ; or, Easy and Con- 
cise Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions, together with Uscdiil Tables. By 
I)ANMEL O'Gorman. Corrected and F.xtended by J. K. Young, formerly 
Ihofessor of Mathematics at Belfast College. Twenty-sixth Edition, care- 
fully Revised by C. Norris. Fcap. 8vo, 3s. 6 d. strongly half-bound in leather. 
“ It would be difficnlt to exaggerate the usefulness of a tmok like this to everyone engaged in 
commerce or manulacluring industry'. It i.s crainnicd full of rules and furmulie for shorloning and 
cinjdoying calculations.”— AO/oreiV./'.'-G 

“ Sui)plies spt! lial ;iiid rapid methods for all kimb of calculations. Of great utility to persons 
engaged in any kind of commercial transactions.” — 

Modern Metrical Units and Systems, 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the Present Century. With an Appendix containing a proposed 
linglish System. By Lowis D’A. Jackson, A.M. Inst. C.E., Author of “ Aid 
to Survey Practice,” &c. Large crown 8vo, iz-f. 6d. cloth. 

“The author has brought together much valuable and interesting information. . . . We 
cannot but recommend tlie work to the consideration of all interested in the practical reform of our 
■weights and mciusures.'’ — Nature, 

“ For exhaustive tables of equivalent •weights and measures of all sorts, and for clear demonstra- 
tions of the effects of the various systems that have been proposed or adopted, Mr. Jackson's 
treatise is without a rival." — Academy. 

Ihe Metric System and the British Standards, 

A SERIES OF METRIC TABLES, in which the British Stands 

ard Measures and Weights are compared with those of the Metric System at present 
in Use on the Continent. By C. H. Dowling, C.E. 8vo, ios. 6 d. strongly bound. 
“ Their accuracy has been certified by Professor Airy, the Astronomer-Royal.” — Bn ilder. 

“ Mr. Dowling’s Tables are well put together as a ready-reckoner for the conversion of one 
■system into the oflier.” — Atheneeum. 

Iron and Metal Trades^ Calculator, 

THE IRON AND METAL TRADES' COMPANION. For 

expeditiously ascertaining the Value of any Goods bought or sold by Weight, 
from IS. per cwt. to 112s. per cwt., and from one farthing per pound to one 
ehilling per pound. Each Table extends from one pound to 100 tons. To 
vrhich are appended Rules on Decimals, Square and Cube Root, Mensuration 
of Superficies and Solids, &c. ; Tables of Weights of Materials, and other 
Useful Memoranda. By Thos. Downik. 396 pp., 9s. Strongly bound in leather. 
“ A most useful set of tables, and will supply a want, for notliing like them before existed."— 
Cuilding News. 

“ Although speciafiy adapted to the Iron and metal trades, the tables will be found useful in 
every other business in which merchandise is bought and sold by weight." — Railway News. 
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Calculator for Numhera and Weights Combined, 

THE COMBINED NUMBER AND WEIGHT CALCU- 

LA TOR. Containing upwards of 250,000 Separate Calculations, showing at 
a glance the value at 421 diflerent rates, ranging from ,^th of a Penny to 205. 
each, or per cwt., and £20 per ton, of any numb^er of articles consecutively, 
from I to 470. — Any number of cwts., qrs., and Ihs., from i cwt. to 470 cwts. — 
Any number of tons, cwts., qrs., and lbs., from i to 234 tons. By William 
Chadwick, Public Accountant. Imp. 8vo, 30s. strongly bound for Office wear 
and tear. 

MSr This comprehensive and entirely unique and original Calculator is adapted 
for the use of Accountants and Auditors, Railway Companies, Canal Companies^ 
Shippers, Shipping Agents, General Carriers, etc. Iroufounders, Brassfounders, 
Metal Merchants, Iron Manufacturers, Ironmongers, Engineers, Machinists, Boiler 
Makers, Millwrights, Roofing, Bridge and Girder Makers, Colliery Proprietors, etc. 
Timber Merchants, Builders, Contractors, Architects, Surveyors, Auctioneers, 
Valuers, Brokers, Mill Owners and Manufacturers, Mill Furnishers, Merchants and 
General Wholesale Tradesmen. 

Opinions of the Press. 

•'The book contains the answers to questions, anti not simply a set of injyeniotis puzzle 
methods of arriving at results. It is as easy of reference for any answer or any number of answers 
as a dictionary, and the references arc even more quickly made. For making u}> accounts or esti- 
mates, tlic book must prove invaluable to all who have any considerable quantity of calculations 
involving price and measure in any combination to do.” — lingineer. 

“The most coin^delc and practical ready reckoner which it has been our fortune yet to see. 
It is diflicult to imagine a trade or oc;cu]>ation in which it could not be of the greatest use, cither 
in saving human laViour or in cliecking work." — The Miller. 

“ The most perfect work of the kind yet prepared.” — Gla\e-ow Herald. 

Comprehensive Weight Calculator, 

THE WEIGHT CALCULATOR. Being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at One Reference the exact 
Value of any Weight from i lb. to 15 tons, at 300 Progressive Rates, from id. 
to x68s. per cwt., and containing 186,000 Direct Answers, which, with their 
Combinations, consisting of a single addition (mostly to be performed at 
sight), will afford an aggregate of 10,266,000 Answers ; the whole being calcu- 
lated and designed to ensure correctness and promote despatch. By Henry 
Hauben, Accountant. Fourth Edition, carefully Corrected. Royal 8vo, 
strongly half-bound, £i 5s. \j ust published. 

“ A practical and nsuful work of reference lor men of business generally ; it is the best of the 
kind we have Jj-ottinonger. 

“Of priceless value to business men. Its accuracy and coini^letencss have secured for it a 
reputation which renders it quite unnecessary for us to say one word in its praise. It is a necessary 
book in all mercantile oflices.” — Sheffield lttacpende7tt. 

Comprehensive Discount Guide, 

THE DISCOUNT GUIDE. Comprising several Series of 
Tables for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact Profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit after allowing one or 
more Discounts : to which are added Table.s of Profit or Advance from ij to 
go per cent., Tables of Discount from to 98} per cent., and Tables of Com- 
mission, &c., from i to 10 per cent. By Henrv Harben, Accountant, Author 
of “The Weight Calculator.” New Edition, carefully Revised and Corrected. 
Demy 8vo, 544 pp. half-bound, £1 55. 

“ A book such as this can only be appreciated by business men, to whom the saving of time 
means saving of money. We have the lu'gh authority of Frofessor J. R. Young that the tables 
throughout tfie work are constructed upon strictly accurate principles. The work must prove 
of great value to merchants, manufacturers, and general traders .” — British Trade yournat. 

Iron Shipbuilders^ and Merchants^ Weight Tables, 

IRON-PLATE WEIGHT TABLES: For Iron Shipbuilders, 

Engineers and Iron Merchants. Containing the Calculated Weights of up- 
wards of 150,000 different sizes of Iron Plates, from 1 foot by 6 in. by J in. to 
JO feet by 5 feet by 1 in. Worked out on the basis of ,10 lbs. to the square 
foot of Iron of 1 inch in thickness. Carefully compilea and thoroughly Re- 
vised by H. Burlinson and W. H. Simpson. Oblong 4to, 25s. half-bound. 
••This work will be found of great utility. The authors have had much practical experience 
of what is wanting in making estimates; and the use of the book nill save much time in making 
elaborate calculations. Mechanic. 
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INDUSTRIAL ANP USEFUL ARTS. 

Soap-malcifig, 

THE ART OF SOAP-MAKING : A Practical Handbook of the 
Manufacture of Hard and Soft Soaps, Toilet Soaps, etc. Including many New 
Processes, and a Chapter on the Recovery of Glycerine from Waste Leys. 
By Alexander Watt, Author of “Electro-Metallurgy Practically Treated," 
&c. With numerous Illustrations. Third Edition, Revised. Crown 8vo, 
ys. 6d, cloth. 

“The work will prove very useful, not merely to the technological student, but to the practical 
soap-boiler who wishes to understand the theory of his art .” — Chetnical A'eivs. 

“Really an excellent example of a technical manual, entering, as it docs, thoroughly and 
exhaustively both into the theory and practice of soap manufacture. 'I'he book is wi>ll antlhoncstly 
ilone, and deserves the coiisideralde circul.ation with which it will tloublless meet.’' — KnoivUdge. 

“Mr. Watt's book is a thoroughly pr.iclical treatise on an art which has almost no literature in 
our language. We congratidate the author on the success of his endeavour to hli a void iu linglisb 
technical literature.” — Aature. 

Leather Manrifacture, 

THE ART OF LEATHER MANUFACTURE. Being a 

Practical Handbook, in which the Operations ot Tanning, Currying, and 
Leather Dressing are fully Described, and the Principles of Tanning Ex- 
plained, and many Recent Processes introduced; as also Methods for the 
Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut 
Dressing, &c. By Alexander Watt, Author of “ Soap-Making,” “ Electro- 
Metallurgy,” &c. With numerous Illustrations. Second Edition. Crown 
8vo, gs. cloth. [Just pubhshed. 

“A sound, comprehensive treatise on tanning and its accessories. The book is an eminently 
valuable production, which redotuids to the credit ot both autlior and publishers.” — Chemicai 
lieview. 

“This volume is technical without being tedious, comprehensive and complete without being 
prosy, and it bears on every page the impress of a master hand. We have never come across a 
betber trade treatise, nor one that so thoroughly supplied an absolute want.” — S/ioc and Leather 
Trades' Chronicle, 

Hoot and Shoe MaMng, 

THE ART OF BOOT AND SHOE-MAKING. A Practical 

Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing and 
Making, with a Description of the most approved Machinery employed. 
By John B. Lend, late Editor of St. Crispin, and 2 'he Boot and Shoe-Maker, 
With numerous Illustrations. Second Edition. Crown 8vo, zs. 6d. cloth. 

\J list published, 

“This excellent treatise is by f.ir the best work ever -written on the subject. A new work, 
embracing all modern improvements, was much wautetl. This w ant is now- satisfied. The chapter 
on clicking, which shows how waste may be prevented, will save fifty times the price of the book.” 
— Scottish Leather Trader. 

" This volume is re[)lete with matter well worthy the perusal of boot and shoe manufacturers 
.and expel ienced craftsmen, and instructive ami valuable in the highest degree to all young 
beginners and craftsinen in the trade of which it treats.” — J.eathcr Trades' Circular. 

JDentistry, 

MECHANICAL DENTISTRY : A Practical Treatise on the 

Construction of the various kinds of Artificial Dentures. Comprising also Use- 
ful Formulae, Tables and Receipts for Gold Plate, Clasps, Solders, &c. &c. 
By Charles Hunter. Tiiird Edition, Revised. With upwards of 100 
Wood Engravings. Crown 8vo, 3s. 6d. cloth. ijust published. 

“ The work is very practical.”- Monthly Jlci‘ir7o of Dental Surgery. 

“ We can strongly reconiiiicnd Mr, Hunter's treatise to all students preparing for the profession 
of dentistry, as well as to every niecliauical dentist. " — Dublin yournal of Medical Science. 

Wood Engraving, 

A PRACTICAL MANUAL OF WOOD ENGRAVING. With 
a Brief Account of the History of the Art. By William Norman Brown. 
With numerous Illustrations. Crown 8vo, 2S. cloth. 

'* The author deals with the subject in a thoroughly practical and easy series of representative 
lessons." — Paber and Printing Trades fournnl. 

“The book is clear and complete, aiid will be useful to anyone wanting to understand the first 
elements of the beautiful art of w-ood engraving." — Graphic. 

JPaper Making, 

A TREATISE ON PAPER; with an Ontline of its Manufacture, 
Complete Tables of Sizes, etc. For Printers and Stationers. By Richardson 
Parkinson. 8vo, 3s. cloth ; as. 6d. paper wrapper. 

“ An admirable handbook by a man who understands his subject.”— Register. 
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CROSBY LOCKWOOD SON'S CATALOGUE, 


LOCKWOOD'S HANDYBOOKS FOR HANDICRAFTS. 

These Handybooks arc written to supply Handicraftsmen with informa- 
tion on workshop practice^ and are intended to convey, in plain language, technical 
knowledge of the several crafts. Workshop terms are used, and workshop practice 
desciibcii, the text being freely illustrated with drawings of modern tools, appliances 
•and processes, useful alike to the young beginner and to the old hand, whose range 
of experience has been narrowed under a system of divided labour, as well as to 
amateurs. 

The following Volumes arc already published. 

31ctal Turning, 

THE METAL TURNER'S HANDYBOOK. A Practical Manual 

for Workers at the Foot-Tathe : Rinbraciii" Information on tho Tools, 
Appliances and Processes employed in Metal Turning. By Pauu N. Has- 
i.ucK, A. I.M.E., Author of “ Lathe- Work.” With upwards of One Plundred 
Illustrations. Second Edition, Revised. Cr. Bvo, 2 S. cloth. \ Just published. 

“ Alto.£r<-;lit:r .ncltiiir.'ililj- .'idaptcil to stiithuits into the .'irt of turninyf .” — Leierster Post. 

CIc.-irly :vn(i concist'Iy writttn. cxocllgut in ev«rry way, we heartily conuuend it to all iiitercste<l 
tn metal turniiii;.” — Mrc/tn>ticai Hortd. 

“ With the assistance of a clever master, a clear and vivitl expounder, and an abundance of 
illustrations, the work lets handicraftsmen know what arc the resources of the turning-lathe and how 
These may be developed ." — Dundee Advertiser. 

Wood Turning, 

THE WOOD TURNER'S HANDYBOOK. A Practical Manual 

for Workers at the Lathe : Embracing Information on the Tools, Appliances 
and Processes Employed in Wood Turning. By Paul N. Hasluck, A.I.M.K., 
Author of '' Lathe- Work,” “The Metal Turner’s Handybook,” &c.. With 
upwards of One Hundred Illustrations. Crown 8vo, zs, cloth. \Just published. 
“ The volume is well and clearly written in a lucid style, and all the instructions ar^^ fully given. 
It will be found of great value to workmen and amateurs, and forms a safe ami reliable guide to 
every branch of the lathe manipulation." — Car/>enter aud fUtiider. 

" An cxctillcnt manual for workers at the lathe." — Herald. 

‘‘We recommend the hook to young turmws and .amateurs. A multitude of workmen have 
•hitherto soiaghl in vain for a mamuil of this special iiulustry.''— J/ecAa.'/hu/ // 'orld. 

Watch liepairing, 

THE WATCH JOBBER'S HANDYBOOK. A Practical Manual 

on Cleaning, Repairing and Adjusting. Embracing Information on the Tools, 
Materials, Appliances and Processes Employed in Watchwork. By Paul N. 
Hasluck, A.I.M.E., Author of “ Lathe-Work,” “The Metal Turner’s Handy- 
Ilook," “The Wood Turner’s Handybook,” &c. With upw'ards of One 
Hundred Illustrations. Crown 8vo, 2 S. cloth. VJust published. 

“ Written in a clear style exactly suited to beginners and amateurs. We heartily recommend 
it.” — Practical Jiu^ineer. 

“ We recommend it to craftsmen in watchmaking as a useful and wcU-written grammar of their 
art." — Scotsman. 

‘‘All young persons connected with the trade should acquire and study this excellent, aud at 
4he same time, inexpensive w ork.”— C/cr/renref// Cnronicle. 

JPattern 3Iaking, 

THE PATTERN MAKER'S HANDYBOOK. A Practical 

Manual, embracing Information on the Tools, Materials and Appliances em- 
ployed in Constructing Patterns for P'ounders. By Paul N. Hasluck, 
A.I.M.E, With One Hundred Illustrations. Cr. 8vo, 2 S. cloth. \Just published. 
‘‘Mr. Hasluck’s ‘Lathe Work’ and kindred productions have acquired a high reputation. 
His new volume, ‘ Pattern Making,’ contains invaluable atlvice, and furnishes the studious workman 
with a very large amount of praclic.al information.’’ — Lloyd's News. 

“ Especially useful to tin; beginner. We commend it to all who are interested in the counsels 
it so ably gives." — Colliery Guardian. 

‘‘ This handy volume contains sound information of considerable value to students and 
artificers ." — Hardware Trade Journal. 

3Iechanical Manipulation, 

THE ME CHA NIC'S WORKSHOP HA ND YBOOK. A Practical 

Manual on Mechanical Manipulation. Embracing Information on various 
Handicraft Processes, with Useful Notes and Miscellaneous Memoranda. 
By Paul N. Hasluck, A.I.M.E, Author of “ Lathe-Work,” “The Metal 
Turner’s Handybook,” “ The Wood Turner’s Handybook.” &c, Crown 8vo, 
as, cloth. ijust rtady 
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JElectrolysis of Ooldf Silver^ Copper^ etc, 

ELECT RO-D EPOS IT ION : A Practical Treatise on the Electrolysis 
of Gold, Silver, Copper, Nickel, and other Metals and Alloys. With descrip- 
tions of Voltaic Batteries, Magnet and Dynamo-Electric Machines, Ther- 
mopiles, and of the Materials and Processes used in every Department of 
the Art, and several Chapters on ELECTRO-METALLURGY. By Alex- 
ander Watt, Author of “ Electro-Metallurgy,” &c. With numerous Illus- 
trations. Second Edition, Revised and Corrected. Crown 8vo, gs. cloth. 

published. 

“Evidcn^ written by a practical man who has spent a longf period of time in electro-plate 
workshops. The information g^iven respectinfif the details of workshop manipulation is remarkably 
complete. . . . Mr. Watt’s book will prove of great value to electro-depositors, jewellers, ana 
various other workers in metal.” — Natu-re. 

“Eminently a book for the practical worker in electro-deposition. It contains minute and 
practical descriptions of metliod-S processes and materials as actually pursued and used in the 
workshop. Mr. Watt's book recommends itself to all interested in its subjects.” — Httffineer. 

Electro^Metallurgy, 

ELECTRO-METALLURGY : Practically Treated. By Alexander 
Watt, F.R.S.S.A. Eighth Edition, Revised, with Additional Matter and 
Illustrations, including the most recent Processes. i2mo, 3s. 6d. cloth boards. 
“From this book both amateur and artisan may learn every tiling necessary for the successful 
prosecution of electroplating.” — Iron. 

Electroplating, 

ELECTROPLATING : A Practical Handbook, By J. W. Urqu- 

hart, C.E. With numerous Illustrations. Crown 8vo, 5s. cloth. 

“ The information given appears to be based on direct persotud knowledge. . . .Its science 
is sound and the style is always clear.” — Athentxitm. 

Electrotyping, 

ELECTROTYPING : The Reproduction and Multiplication of Print- 
ing Surfaces and Works of Art by the Electro-deposition of Metals. ByJ.W. 
Urquhart, C.E. Crown 8vo, 5s. cloth. 

“The book is thoroughly practic.il. The reader is, therefore, conducted through the leading 
laws of electricitj', then through the metals used by electrotypers, the apparatus, and the depositing 
processes, up to the final prejiaration of the work.” — Art yoitmal. 

“We c.-m rccomtiieiid this treatise, not merely to amateurs, but to those actually engaged in the 
trade.” — Chemical A'eus. 

Goldsmiths’ Worh, 

THE GOLDSMITH^S HANDBOOK. By George E. Gee, 
Teweller, &c. Third Edition, considerably Enlarged. zzmo, 3s, 6d. cloth 
Doards. 

“A good, sound, technical educator, and will be generally accepted as an authority. It exactly 
fulfils the purpose inteiuled.” — Horologxcal S^ourttal. 

“Will speedily become a standard book wliich few will care to be without.”— attd 
Metal-worker. 

Silversmiths’ Work, 

THE SILVERSMITH'S HANDBOOK, By George E. Gee, 
Jeweller, &c. Second Edition, Revised, with numerous Illustrations. i2mo, 
3S. td. cloth boards. 

“The cliief merit of the work Is Its practical character. . . . The workers in the trade will 
speedily discover its merits when they sit down to study it." — li^i/rlish Mechanic. 

“ This work forms a valuable sequel to the author’s 'Goldsmith's Handbook.’” — Silver smit In' 
Trade Journal. 

*** The above two works together, strongly halj-bound, price 75. 

Textile Manufacturers’ Tables. 

UNIVERSAL TABLES OF TEXTILE STRUCTURE. 

For the use of Manufacturers in every branch of Textile Trade. By Joseph 
Edmondson. Oblong folio, strongly bound in cloth, price 75. 6 d. 

•«iy” The principle on which the tables are founded is well known, and much 
used in the muslin manufacture, but the intricacy of the calculations hitherto 
required {especially xvhere xvarp and weft differ in counts and in the closeness of the 
threads) has prevented its general application. By these tables a ll the adjustments 
may be made without calculation. Mere references to the proptr places bring 
the required information. 

“ Immense hibour has been bestow’cd on the work by the author. The t.ables are adapted to 
every mode of numbering yarns and setts, and apply to all the branches of textile luanuJactuic. ’ — 
Textile Recorder. 
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CROSBY LOCKWOOD &> SON'S CATALOGUE, 


Horology, 

A TREATISE ON MODERN HOROLOGY, in Theory and Prac- 
tice. Translated from the French of Claudius Saunier, ex-Director of the 
School of Horology at Macon, by Julien Tripplin, F.R.A.S., Besancon 
Watch Manufacturer, and Edward Rigg, M.A., Assayer in the Royal Mint. 
With Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. 
Se'ond Edition. Super-royal 8vo, £2. 2$. cloth, £2 10s. half-calt. 

Tliere is no horoloeical work in the English langnage at all to be coini>ared to this produc- 
tion of M. Saunier's for clearness and coniplctcne5«. It is alike good as a guide for the student and 
as a reference for the experienced horologist and skilled workman.” — Hcrolo^tcal journal. 

The latest, the most complete, and the most reliable of those literary productions to which 
continental watchmakers arc indebted for the mcchanicnl superiority over their English brethren 
— in fact, the Book of Books, is M. Saunier's ‘Treatise.’" — }l\xtchmakcr, ynifcller atta Silversf/iith. 

"This magnificent treatise is one of the most vahmble and comprehensive contributions to the 
literature of horological art and science ever produced, and cannot be too highly commended. It 
is a perfect cyclopaedia of watch and clockmaking.''— 77 ftf Ctncntry If'atch ami Clockjnakcr, 

Watclmialcing, 

THE WATCHMAKER'S HANDBOOK. Intended as a Work- 
shop Companion for those engaged in Watchmaking and the Allied Mechani- 
cal Arts. Translated from the French of Claudius Saunier, and consider- 
ably Enlarged by Julien Tripplin, F.R.A.S., Vice-President of the Horologi- 
cal Institute, and Edward Rigg, M.A., Assayer in the Royal Mint. With 
Numerous Woodcuts and Fourteen Copper Plates. Second Edition, Revised. 
With Appendix. Crown 8vo, 95. cloth. [Just published. 

" Each part is truly n treatise in itself. The arrangement is good and the language is clear and 
concise. It is an .admiraljle guide for the young watchmaker."— 7: 

“ It is impossible to speak too highly of its excellence. It fulfils every requirement in a hand- 
book intended for the use of a wurkiuan. Should be found in every workshop.’’— // a' and 
Clocktnakcr. 

" This book contains an immense number of practic .il details lienring on the d.aily occupation 
of a watchmaker, and it will be tumid of great use to an army of iiorkors ." — Watchmaker and 
Metal’worker (Chicago). 


CHEMICAL MANUFACTURES & COMMERCE. 

The Allcali Trade, Sulphuric Acid, etc, 

A MANUAL OF THE ALKALI TRADE, including the 

Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. 
By John Lomas, Alkali Manufacturer, Newcastle-upon-Tyne and London. 
With 232 Illustrations and Working Drawings, and containing 390 pages of 
Text. Second Edition, with Additions. Super-royal 8vo, £1 10s. cloth. 

"This book is written by a manufacturer for manufacturers. The working details of the most 
approved forms of apparatus are mven, and these are accompanietl by no less than 23a wood en- 
gravings, all of w'hicn may be used for the purposes of construction. Every step in the manufac] 
tore is very fully described in this manual, and each iinjirovemcnt exjdained.” — Athenctum. 

" The author is not one of those clever compilers w ho, on short notice, will ‘ read up ’ any conceiv- 
able subject, but a practical man in the best seii.se or the word. We find liere not merely a sound 
and luminous explanation of the chemical principles of the trade, but a notice of numerous matters 
which have a most important bearing on the succe.s-sful conduct of alkali works, but which are 
generally overlooked by even the most experienced technological authors." — ChtmUal Review. 

^Brewing, 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 

Edwards Wright, B.A. Crown 8vo, 3s. Od. cloth. 

Thi-s little volume, containing such a large amount of good sense in so small a com];>ass, ought 
to recommend itself to every brewery pupil.’’— Rrewers’ Guardian. 

Com'tnercial Vhemical Analysis, 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA- 
LYSIS; or. Practical Instructions for the determination of the Intrinsic or 
Commercial Value of Substances used in Manufactures, in Trades, and in the 
Arts. By A. Normandy, Editor of Rose’s “Treatise on Chemical Analysis.” 
New Edition, to a great extent Re-written by Henry M. Noad, Ph.D., 
F.R.S. With numerous Illustrations. Crown bvo, izs. 6d. cloth. 

We strongly recommend this book to our readers as a guide, alike indispensable to the house- 
wife as to the pliarmaceutical practitioner.” — Medical Times. 

* ‘ Essential to the analysts appointed under the new Act. The most recent results are given. 
;ui(l the work is well edited and carefully written." — Nature. 
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Dye-'Wares and Colours, 

THE MANUAL OF COLOURS AND DYE-WARES : Their 
Properties, ApHications, Valuation, Impurities, and Sophistications, For the 
use of D^rs, Printers, Drysalters, Brokers, &c. By J. W. Slater. Second 
Edition, Revised and greatly Enlarged. Crown 8vo, ys. 6d. cloth. 

"A complete encyclopseclia of the materia tinctoria. The information given respecting each 
article is full and precise, and the methods of determining the value of articles such as these, so 
liable to sophistication, are given with clearness, and are practical as well as valuable .” — Chemist 
and Drufrfrist. 

“ There Is no other work which covers precisely the same groimd. To students preparing 
for examinations in dyeing and printing it will prove exceedingly useful. " — Chemical Hews, 

JPigments, 

THE ARTIST'S MANUAL OF PIGMENTS. Showing 

their Composition, Conditions of Permanency, Non-Permanency, and Adul- 
terations; Efiects in Combination with Each Other and with Vehicles ; and 
the most Reliable Tests ot Purity. Together with the Science and Arts 
Department’s Examination Questions on Painting. By H. C. Standage. 
Second Edition, Revised. Small crown 8vo, 2s. 6d. cloth. {Just published. 
“ This work is indee«l midtum-in-parvo, and we can, with good conscience, recommend it to 
all who come in contact with fiigmeiUs. whetlier as makers, dealers or users." — Chemical Review. 

“This manual c.annot fail to be a very valu.able aid to .all painters who wish their work to 
endure and be of a sound character ; it is complete and comprehensive.” — Si>ectator. 

“The author supplies a great deal of very valuable information and memoranda as to the 
chemical qualities and artistic effect of the principal pigments used by painters." — Bttilder. 

Ganging, Tables and Mules for Mevenue Officers, 

JBreufevs, etc. 

A POCKET BOOK OF MENSURATION AND GAUGING: 
Containing Tables, Rules and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. Mant (Inland Revenue). Oblong i8nio, 4s. 
leather, with elastic band. {Just published. 

“ This handy and useful book i . .adapted to the requirements of the Inland Revenue Depart- 
ment, and will bo a favourilu bnok of relerence. The range of subjects is comprehenshe, ana the 
arrangement simple .and clear.” — (' jtvVwv. 

“A most u.se ul bo. k. It sh •uld be in the h.inds of ever^’ practic.al hrewer."— 
yoitrnai. 


AGRICULTURE, FARMING, GARDENING, etc. 


Agricultural Facts atid Figures, 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrose McConnell, 
Fellow of the Highland and Agricultural Society ; late Professor of Agricul- 
ture, Glasgow Veterinary College. Third Edition. Royal 321110, full roan, 
gilt edges, with elastic band, 4s. 

“The most (.oniplete and comprehensive Note-book fur Farmers and Farm Students that wc 
have seen. It literally teems Avith informaiion, and wc cun cordially recommend it to all connected 
with agriculture."— A er/A British Aj^ricuKuriiC. 

Youatt and JBitrn^s Complete Grazier, 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 

BREEDER'S ASSISTANT. A Compendium of Husbandij; especially in 
the departments connected with the Breeding, Rearing, Feeding, and General 
Management of Stock; the Management of the Dairy, &c. With Directions 
for the Culture and Management of Grass Land, of Grain and Root Crops, 
the Arrangement of Farm Offices, the use of Implements and Machines, and 
on Draining, Irrigation, Warping, &c. ; and the Application and Relative 
Value of Manures. By William Youatt, Esq., V.S. Twelfth Edition, En- 
larged by Robert Scott Burn, Author of “ Outlines of Modern Farming,” 
“ Systematic Small Farming,” &c. One large 8vo volume, 860 pp., with 244 
Illustrations, £t is. half-bound. 

•• The standard and text-book Avith the farmer and i/rTAzxe^r. "—Farmers Ma^^azine. 

“A treati.se which Avill remain a standard work on the subject as long as British agriculture 
endures.” — Mark Lane Jixpress (First Notice). 

“ The book deals with all departments of agriculture, and contains an immense amount of 
valuable Information. It is, in fact, an encyclopedia of agriculture put into readable fonn, and it 
is the only work equally coniprchensh-e brought down to present date. It is excellently printed on 
thick paper, ami stron«ly bound, and deserves a place in the library of every agriculturist.”— 

Lane Express (Second Notice). 
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IfTour Manufacture^ Milling^ etc. 

FLOUR MANUFACTURE : A Treatise on Milling Science 

and Practice. By Friedrich Kick, Imperial Regierungsrath, Professor of 
Mechanical Technology in the Imperial German Polytechnic Institute, 
Prague. Translated from the Second Enlarged and Revised Edition with 
Supplement. By H. H. P. Powlks, Assoc. Memb. Institution of Civil En- 
gineers. Nearly 400 pp. Illustrated with 28 Folding Plates, and 167 Wood- 
cuts. Royal 8vo, 255. cloth. [Just published. 

“ This valuable work is. and will remain, the stanAird authority on the science of inillinK’. . 
The miller v/ho has read and iliiicsted this work will have Laid the foundation, so to sj)eak, of a suc- 
cessful c.areer ; he will have acquired .a number of jjcncral principles which he can proceed to 
.apply. In this handsome volume- we at Last have the* accepted text-liook of modern milling in good, 
sound Fnglish, which has little, if any. trace of the German hliom.” — The Miller- 

" Professrw Kick treats the subject so thoroughly both on its theoretical and pnictical sides that 
his work is well suited to be a text book of technical education anywhere. "—JS’cp/'.rwir/r. 

“ The apj)earance of this celebrated work in Hnglish is verj' opportune, and llritish millers 
will, -we are sure, not be slow in availing themselves of its p.agcs." — A/illers' Gazette. 

Small Far mi n g. 

SYSTEMATIC SMALL FARMING; or, The Lessons of my 
Farm. Being an Introduction to Modern Farm Practice for Small Farmers 
in the Culture of Crops ; The Feeding of Cattle ; The Management of the 
Dairy, Poultry and Pigs ; The Keeping of Farm Work Records ; The Ensilage 
System, Construction of Silos, and other Farm Buildings ; The Improve- 
ment of Neglected Farms, &c. By Robert Scott Burn, Author of “ Out- 
lines of Landed Estates’ Management,” and ” Outlines of Farm Manage- 
ment,” and Editor of “ The Complete Grazier.” With numerous Illustrations, 
crown 8vo, 6s, cloth. 

" This is the completest book of its class we have .seen, and one which every amateur fanner 
will reail with i)leasure and acccftt as a guitle.” — Ticlti. 

“Mr. Scott Hum's pages are .severely j)ractical, and the tone of the practical man i.s felt 
throughout. The book can only prove a treasure of aid and suggestion to the .small farmer of 
iutelligetjce and energj'." — British Quarterly Kes-ieiv, 

“The volume contains ;i vast amount of useful information. N'o liranch of farming is left 
untouched, from the labour to be done to the rcsult.s achieved.” — Glas,.^c7u Herald. 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — P'arming and F'arming Economy — Cattle, Sheep, 
and Horses— Management oi the Dairy, Pigs and Poultry — Utilisation of 
Town-Sewage, Irrigation, &c. Sixth Edition. In One Vol., 1,250 pp., hall- 
bound, profusely Illustrated, 12s. 

“ The aim of the author has been to make his work at once comprehensive and trustworthy, 
and in this aim he has succeeded to a degree which entitles him to mucli credit." — Aiorning 
Advertiser. 

"Eminently calculated to enlighten the agricultur.al community on the varied subjects of 
winch it treats, and hence it should find a place in every farmer’.s library.” — City Press. 

“ No farmer .should be without this book. ' — P.aul'ury Guardian. 

Jlgricultural Engineering. 

FARM ENGINEERING, THE COMPLETE TEXT -BOOK OF. 

Comprising Draining and Embanking; Irrigation and Water Supply; Farm 
Roads, Fences, and Gates; P'arm Buildings, their Arrangement and Con- 
struction, with Plans and Estimates; Barn Implements and Machines; Field 
Implements and Machines; Agricultural Surveying, Levelling, &c. ByProl. 
John Scott, Editor of the Farmers' Gazette, late Professor 01 Agriculture 
and Rural Economy at the Royal Agricultural College, Cirencester, &c. &c. 
In One Vol., 1,150 pages, half-bound, with over 600 Ilkistrations, 12s. 

“ Written with great earn, as well as with knowledge and ability. The author has done his 
work well ; we have found him a vcr 3 ' tnistworlhj’ guide wherever we have tcsleil his stalciiieiUs. 
The volume will be of great v.alue to agricultural students," — Mark l.ane Jixfircss. 

“ I'or a young agriculturist we know of no handy volume so likely to be more usefully studied.” 
—Belt’s IVeefcly Messenger. 

English A.gric\dture, 

THE FIELDS OF GREAT BRITAIN : A Text-Book of 

Agriculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and Advanced Students. By Hugh Clements (Board of 
Trade). i8mo, 2s. 64 . cloth. 

“A most comprehensive volume, giving a mass of information .” — Agricultural Economist. 

"It is a long time since we have seen a book which has pleased us more, or which contains 
such a vast and useful fund of knowledge.”— ZjVrrrwAwa/ Times. 
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^arm and Estate EooU-Ueejnng* 

BOOK-KEEPING FOR FARMERS ESTATE OWNERS. 

A Practical Treatise, presenting, in Three Plans, a System adapted to all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. Crown 
8vo, 3S. 6 d. cloth. 

“Will be found of great assistance by those who intend to commence a system of book-keep- 
ing, the author’s examples being clear and explicit, and his expLm.ations, while full and accurate, 
being to a large extent free from technicalities.” — Live Stuck yournul. 

Farm Account Jlook, 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 

a Weekly Labour Account and Diary, and showing the Income and Expen- 
diture under each Department of Crops, Live Stock, Dairy, See. &c. With 
Valuation, Profit and Loss Account, and Balance Sheet at the end of the 
Year, and an Appendix of Forms. Ruled and Headed for Entering a Com- 
plete Record of the Farming Operations. By Johnson M. Woodman, 
Chartered Accountant, Author of “ Book-keeping for t'amters.” Folio, 
7S. 6 d. half-bound. 

“Contains every requisite orm for keeping farm accounts readily and accurately.” — j4j^ri- 
•culture. 

Early Fruits, Flowers and Fegetahles, 

THE FORCING GARDEN : or, How to Grow Early Fruits, 
Flowers, and Vegetables, With Plans, and Estimates for Building Glass- 
houses, Pits and Frames. Containing also Original Plans lor Double Glazing, 
a New Method of Growing the Gooseberry under Glass, &c. &;c,, and on Venti- 
lation, Protecting Vine Borders, &c. With Illustrations. By Samuel, Wood. 
Crown 8vo, ss. (Sd, cloth. 

“Mr. Wood’s book is an original and exhaustive answer to tne question ‘How to Grow Early 
Fruit.s, Flowers and Vegetables?’” — Land aud Water. 

Good Gardeniny, 

A PLAIN GUIDE TO GOOD GARDENING ; or, Howto Grow 

Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures, 
Seeds, IManting, Laying-out of Gardens and Grounds, ixc. By S. Wood. 
Third Edition, with considerable Additions, &c., and numerous illustrations. 
Crown 8vo, 5s. cloth. 

“A very good book, and one to be highly recommended as a practical guide.” — Athenaum. 

“ May be recommended to young g.ardeners, cottagers, and iuecially to amateurs, for the plain 
•and trust wortliy information it gives on comniua matters.”— Chrunicie. 

Ga I itful Gar€l€ni n < 7 . 

MULTUM-IN-PARVO GARDENING ; or, How to make One 
Acre of Land produce £620 a-year by the Cultivation of Fruits and Vegetables ; 
also, How to Grow Flowers in Three Glass Houses, so as to realise £176 per 
annum clear Profit. By Samuel Wood, Author of “ Good Gardening,’* &c. 
Fourth and cheaper Edition, Revised, with Additions. Crown Svo, is. sewed. 
“We are bound to recommend it as not only stated to the case of the amateur and gentleman's 
gardener, but to the market grower.” — Ciurdeners' 

Gardening for Ladies, 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 

and Amateurs' Complete Guide, With Illustrations. By Samuel Wood. 
Crown Svo, 3s. Gd, cloth. 

“Full of shrcwil hints .and useful instruct tons, based on .a lifetime of experience.” — Scotsman. 

Eecelpts for Gardeners, 

GARDEN RECEIPTS. Edited by Charles W. Quin. i2mo, 

IS. 6 d. cloth limp. 

“ A useful atid handy book, cont.aitnng a good deal of valuable information.” — Atheneeum. 

Eitchen Gardening, 

THE KITCHEN A ND MA RKET GA RDEN. By Contributors 
to “ The Garden.” Compiled by C. W. Shaw. i2mo, 3s. Cd. cloth boards. 
"The most valuable compendium of kitchen and market-garden work published." — L'armer. 

Cottage Gardening, 

COTTAGE GARDENING ; or. Flowers, Fruits, and Vegetables for 

Small Gardens. By E. Hobday. lamo, is. 6d. cloth limp. 

“Contains much useful information at a small charge. ’ — Glasgow Herald. 
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Mudson^s Ztand Valuer’s VocTcetSook, 

THE LAND VALUEWS BEST ASSISTANT: Being Tables 

on a very much Improved Plan, for Calculating the Value of Estates. With 
Tables for reducin^Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, &c. By R. Hudson, C.E. New Edition. Royal 32mo, leather, 
elastic band, 4s. 

“This new edition includes tables for ascertaining the value of leases for any term of years; 
and for showing how to lay out plots of ground of certain acres in forms, square, round, 8cc., with 
valuable rules for ascertaining the probable worth of standing timber to any amount ; and is of 
Incalculable value to the country gentleman and professional man ." — Farmers Journal. 

Ewart’s Land Improver’s Vochet-Eooh» 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULA, 
TABLES and MEMORANDA required in any Computation relating to the 
Permanent Improvement of Landed Property. By John Ewart, Land Surveyor 
and Agricultural Engineer. Second Edition, Revised. Royal 32mo, oblong, 
leather, gilt edges, with elastic band, 4s. 

‘‘A compendious and handy little volume." — Spectator. 

Complete Agricultural Surveyor’s VocRet-Eooh, 
THE LAND VALUER'S AND LAND I M PROVERBS COM- 
PLETE POCKET-BOOK. Consisting of the above Two Works bound to- 
gether. Leather, gilt edges, with strap, 7s. 6 d. 

“ Hudson's book is the best ready-reckoner on imitters relating to the valuation of land and 
crops, and its combination with Mr. Kw.'irt’s work greatly enhances the value and usefulness of the 
latter-mentioned. ... It is most useful as a manual for reference .” — North qf England Farmer. 

Auctioneer’s Assistant, 

THE APPRAISER, A UCTIONEER, BROKER, HOUSE AND 

ESTA TE A GENT AND VAL UER'S POCKET A SSISTA NT, for the Valua- 
tion for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally; with Prices for Inventories, &c. By John Wheeler, 
Valuer, &c. Fifth Edition, re-written and greatly extended by C. Norris, 
Surveyor, Valuer, &c. Royal 32mo, 5s. cloth. 

“ A neat and concise V)Ook of reference, containing an admirable and clearly-arranged list of 
prices for inventories, and a ver)' practical guide to determine the value of furniture, Ac.” — Standard. 

“ Contains a large quantity of v'aried and mseful information as to the v.aluation for purchase, 
sale, or renew.d of leases, annuities anti reversions, and of property generally, with prices for 
inventories, and a guide to determine the value of interior fittings and other effects.” — Builder. 

Auctioneering, 

A UCTIONEERS : Their Duties and Liabilities. By Robert 
Squibbs, Auctioneer. Demy 8vo, los. 6 d. cloth. 

“The position and duties of auctioneers treated compendiously and clearly." — Builder, 

“Every auctioneer ought to possess a copy of this excellent work." — Ironmonger. 

“ Of grcjat value to the profession. . . . AVc readily w'elcome this book from the fact that it 
treats the subject in a maimer somewhat new to the profession,” — EshtCcs Gazelle. 

Legal Guide for Vawnhrohers, 

THE PAWNBROKERS', FACTORS' AND MERCHANTS' 
GUIDE TO THE LAW OF LOANS AND PLEDGES. With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criminal, 
as to Loans and Pledges of Goods, Debentures, Mercantile and other Se- 
curities. By H. C. Folkard, Esq., Barrister-at-Law, Author of “ The Law 
of Slander and Libel," &c. With Additions and Corrections to 1876. Fcap. 
8vo, 3s. 6 d. cloth. 

“ This work contains simply everything that requires to be known concerning the department 
of tlielaw of which it treats. >Vc can safely commend the book as unique and very nearly perfect." 
—Iron. 

“The task undertaken by Mr. Folkard has been very satisfactorily performed. . . . Such ex- 
planations as are needful have lieen supplied with great clearness ana with due regard to brevity.” 
City Press. 
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Mow to Invest. 

HINTS FOR INVESTORS : Being an Explanation of the Mode 

of Transacting Business on the Stock Exchange. To which are added Com- 
ments on the Fluctuations and Table of Quarterly Average prices of Consols 
since 1759. Also a Copy of the London Daily Stock and Share List. By 
Walter M. Playford, Sworn Broker. Crown 8vo, 2S. cloth. 

" An invaluable guide to investors and speculators.” — Bullionist. 

Metropolitan Hating A^ppeals. 

REPORTS OF APPEALS HEARD BEFORE THE COURT 
OF GENERAL ASSESSMENT SESSIONS, from the Year 1871 to 1885 
By Edward Ryde and Arthur Lyon Ryde. Fourth Edition, brought down 
to the Present Date, with an Introduction to the Valuation (Metropolis) Act, 
1869, and an Appendix by Walter C. Ryde, of the Inner Temple, Barrister- 
at-Law. 8vo, i6s. cloth. 

'* A useful work, occupying a place mid-way between a handbook for a lawyer and a guitle to 
the surveyor. It is compiled by a gentleman eminent in his profession as a land agent, whose spe- 
cialty. it is acknowledged, lies in tJie direction of assebsing property for rating jjurposes-’’ — Land 
Ai^entx' Record. 

Mouse Property. 

HA NDBOOK OF HO USE PROPERTY. A Popular and Practical 
Guide to the Purchase, Mortgage. Tenancy, and Compulsory Sale of Houses and 
Lanrf, including the Law of Dilapidations and Fixtures; with Examples of 
all kinds of Valuations, Useful Information on Buildings, and Suggestive 
Elucidations of Fine Art. By E. L. Tarbuck, Architect and Surveyor. 
Fourth Edition, i2mo, 5s. cloth. [.Just published, 

*• The advice is thoroughly practical.’’— yourtial. 

“This is a well-written ami thoughtful work. AVe commend the work to the careful study of all 
interested in questions affecting liouses and land.” — Land A genii' Record (First Notice). 

“Carefully brought up to date. .an<l much improved by the addition of a division on fine art. ’ 
—Land Agents' Record (Second Notice) 

InwoofVs Estate Tables. 

TABLES FOR THE PURCHASING OF ESTATES, Freehold, 

Copyhold, or Leasehold; Annuities, Ad vow sons, etc., a.m\ for the Renewing of 
Leases held under Cathedral Churches, Colleges, or other Corporate bodies, 
for Terms of Years certain, aud for Lives ; also for Valuing Reversionary 
Estates, Deferred Annuities, Next Presentations, &c, ; together with Smart’s 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Rates. By W. Inwood. 22nd Edition, with considerable 
Additions, and new and valuable Tables of Logarithms for the more Difficult 
Computations of the Interest of Money, Discount, Annuities, &c., by M. Fedor 
Thom AN, of the Societe Credit Mobilier of Paris. i2mo, 8s. cloth. 

“Those interested in the purchase and sale of estates, and in the adjustment of compensation 
cases, as well as in transactions in annuities, life insurances, &c., will find the present edition of 
eminent service. ” — 1-ngi/ieertng. 

“ * Inwood’s Tables ’ still maintain a most enviable reputation. The new issue has been enriched 
by large .additional contributions by M. Fedor Thoman, whose carefully arranged Tables caiuiot 
fail to l)C of the utmost utility .” — Mitiing yournai. 

Agricultural and Tenant-Eight Valuation. 

THE AGRICULTURAL AND TENANT-RIGHT-VALUER^S 

ASSISTANT. A Practical Handbook on Measuring and Estimating the 
Contents, Weights and Values of Agricultural Produce and Timber, the 
Values of Estates and Agricultural Labour, Forms of Tenant-Right-Valua- 
tions, Scales of Compensation under the Agricultural Holdings Act, 1883, 
&c. &c. By Tom Bright, Agricultural Surveyor, Author of “The Live 
Stock of North Devon,” &c. Crown 8vo, 3s. 6d. cloth. [Just publis heel. 

“Full of tables and examples in connection with the valuation of tenant-right, estates, labour, 
contents, and weiglits of timber, and farm produce of all kinds. The book is well calculated to 
assist the valuer in tlie discharge of his duty . ' — Agricultural Gazette. 

" An eminently {practical handbook, full of practical tables anrl data of undoubted interest and 
value to surveyors aird auctioneers in preparing valuations ot all kinds." — Farmer, 

“ Shows at a glance the value of land, crops, and the cost of seeding, harvesting, Sec. Stc. It 
is a re.iUy practical and useful handbook, for which we anticipate a very large ssde."— Reading- 
Mercury. 
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A. Complete Epitome of the Laws of this Country* 
EVERY MAN*S OWN LAWYER: A Handy-book of the 
Principles of Law and Equity. By A Barrister. Twenty-fifth Edition. 
Reconstructed, Thoroughly Revised, and much Enlarged. Brought down to 
the end of last Session, ana including careful Digests oi— Coroners Act, 18871 
Probation of First Offenders Act, 1887; Margarine Act, 1887; Agricultural 
Holdings {England) Act, 1883 ; Cottage Gardens {Compensation for Crops) Act, 
1887; Bankruptcy Act, 1883; Allotments Act, 1887; Merchandise Trade Marks 
Act, 1887; Truck Amendment Act, 1887; Water Companies {Regulation of 
Powers) Act, 1887; Registration of Deeds of Arrangements Act, 1887. Crown 
8vo, 684 pp., price 6s. 8d. (saved at every consultation I), strongly bound in 
cloth. ijust published. 

THE BOOK WILL BE FOUND TO COMPRISE (AMONGST 
OTHER MATTER)— 

THE Rights and wrongs of lNDr\TDtrAt.s — mercantile and Commercial Law 
—Partnerships, Contracts and agreements — Gv;arantues, Principals am> 
AGENTS— criminal LAW— PARISH LAW— COUNTY COURT LAW— C;amB AND USHERY 
LAWS— POOR MEN’S LAWSU ns— LAW’S OK BANKRUPTCY— WAGIiRS— CHEQUES, BILLS. 
AND NOTES — COPYRIGHT— Elections and KEtiiSTRATiON— I nsurance— Lieel and 
Slander— Marriage and Divorce— Merchant shipping— Mor'i gages- Settle- 
ments— stock Exchange Practice— Trade marks and I'atents— Trespass — Nui- 
sances— Transfer OF Land— Wills. &c. &c. Also Law for Landlord and Tenant 
—Master and servant— Heirs— devisees and Legatees— Hi isuand and Wife- 
Executors AND Trustees— Guardian and Ward— Married Women and Infants 
—Lender, Borrower and Sureties— Dkrtor and CREDri'OR— P urchaser and 
vendor— companies— FRIENDI.Y SOCIRTIHS-CLERGVMEN— CHURCHWARDENS— MEDI- 
cal PRACTITIONERS— Bankers— Farmers— C oNTKACToKs-S'i-ocK Brokers— Sports- 
men— Gamekeepers— Farriers— Horse Dealers— Auctioneers— House Aghnis- 
Innkeepers— Bakers— Millers— Pa WNIJKOKERS—SURVHVORS— Railways and Car- 
riers— Constables— Seamen— Soldiers, &c. &c. 

The folloxving subjects may be mentioned as some of those which have re- 
ceived special attention during the present revision : — Marriage ot British Subjects 
Abroad: Police Constables; Pawnbrokers; Intoxicating Liquors Licensing; 
Domestic Servants; Landlord and Tenant; Vendors and Purchasers; Parlia- 
mentary Elections ; Municipal Elections ; Local Elections ; Corrupt Practices at 
all Elections ; Public Health and Local Government and Nuisances ; Highways ; 
Churchwardens ; Vestry Meetings ; Rates. 

It is believed that the extensions and amplifications of the present edition^ 
while intended to meet the requirements of the ordinary Englishman, will also 
have the effect of rendering the book useful to the legal practitioner in the 
country. 

One result of the reconstruction and revision, w'iih the extensive additions 
thereby necessitated, has been the enlargement of the book by nearly a hundred and 
fifty pages, while the price remains as before. 

* 0 ^ Opinions of the Press. 

" It is a complete code of Eng^lish Law, written in plain language, which all can understand. 

. . . Should be in the hands of ever}' business man, and all whu wish to abolisti lawyers' bills." — 
Weekly Times. 

•'A useful and concise epitome of the law, compiled with considerable care. — Laiu Magazine, 
“A concise, cheap and complete epitome of the Hnglish law. So plainly written that he who 
runs may read, and he who reads may understand.’' — Fig^aro. 

“ A dictionary of legal facts well i»ut together. The book is a very useful one.”— S/>ectaeor. 

“A work which has long been wantea, which is thoroughly well done, and which we most 
cordially recommend. Times. 

Private Bill Legislation ami Provisional Orders, 
HANDBOOK FOR THE USE OF SOLICITORS AND EN- 
GINEERS Engaged in Promoting Private Acts of Parliament and Provi- 
sional Orders, for the Authorization of Railways, Tramways, Works for the 
Supply of Gas and Water, and other undertakings of a like character. By 
L. Livingston Macassey, of the Middle Temple, Barrister- at-Law, and 
Member of the Institution of Civil Engineers; Author of Hints on Water 
Supply.” Demy 8vo, 950 pp., price 25s, cloth. Iffust published. 

** The volume is a desideratum on a subject which can he only acquired by practical exjieri- 
ence, and the order of procedure in Private Bill I-cgislation and I'rovisional Orders is followed. 
The author's suggestions and notes will t>c found of great value to engineers and others profession- 
ally engaged in this class of pr.-icticc .” — Building l\nvs. 

“ The author's double experience .is an cn^ncer and barrister h.is eminently qualified him for 
the task, and enabled him to a])proach the suliject alike from an engineering and legal point of 
view. The volume will be found a great help both to engineers and lawj^ers engaged in promoting 
Private Acts of Parliament and Provisional Drders .” — Local Goi'ernment Chronicle, 

J. OGDEN AND CO. LIMITED, PRINTERS, GREAT SAFFRON HILL, E.C. 
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|the prize medal 


^^nON-ORlS Wl 

CAVSA 


Was awarded to the Publishers of 

“WEALE’S SERIES.” 


A NEW LIST 



WEALE’S SERIES 

RQDIMENTARY SCIENTIFIC, EDUCATIONAL, 
AND CLASSICAL. 

Conipi-isittf^ nearly Three Huruired and Ftflv distinct -works in almost every 
departtnent of Science, Art, and Aaucntiun, reco7ninended to the notice o f Ensrineers , 
Architects, liuilders. Artisans, and Students f^enerallv, as -well as to those interested 
in ^metp^ /^if)i-nrtes7^l^tT^^^^"“aot^^'<^te7t7Aic77>stitt4tiotts, C'ol/ei^es, Schools, 

Scii 


IS“ “ WEALE’S SERIES includes Text-Books on almost every branch of 
Science and Industry, comprising such subjects as Agriculture, Architecture 
and Building, Civil Engineering, Fine Arts, Mechanics and Mechanical 
Engineering, Physical and Cliemical Science, and many miscellaneous 
Treatises. The whole are constantly undergoing revision, and new editions, 
brought up to the latest discoveries in scientific research, are constantly 
issued. The prices at which they are sold are as low as their excellence is 
assured .” — American lAterary Gazette. 

” Amongst the literature of technical education. Whale’s Series has ever 
enjoyed a high reputation, and the additions being made by Messrs. Crosby 
Lockwood & Son render the .series even more complete, and bring the infor- 
mation upon the several subjects down to the present time .” — Mining 
Journal. 

” It is not too much to say that no books have ever proved more popular 
with, or more useful to, young engineers and others than the excellent 
treatises comprised in Weale’s Series.” — Engineer. 

‘‘The excellence of Weale’s Series i.s now so well appreciated, that it 
would be wasting our space to enlarge upon their general usefulness and 
val u e . ’ ’ — B uildcr . 

” WEALK’S SERIES has become a .standard as well as an unrivalled 
collection of treatises in all brandies of art and science .” — Public Opinion. 
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weale’s rudimentary series. 


WEALE’S KUDIMENTAEY SCIENTIFIC SERIES. 



*** The volumes of this Scries are freely Illustrated with 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing l.ist it must be understood that the books are bound in 
limp cloth, unless otherwise stated ; bui ike ^•ohtmes marked 
ivith a t may also be had strony^ly bound in cloth boards for fid. 
extra. 

N.B. — In orderinji^ from this List it is recommended, as a 
means of facilitating bustness and obrnatin;^ error, to quote the 
numbers affixea to the Dolumes, as 7 vell as the titles and prices. 


CIVIL ENGINEERING, SURVEYING, ETC. 

No. 

31. WELLS AND WELL- SINKING. By John Gr:o. Swindell, 

A.R.I.B.A., and G. R. Bl'knell, C-E. Revised Edition. With a New 
Appendix on the Qualities of Water. Illustrated. 2s. 

35. the blasting and quark YJiXG of stone, for 

Building and other Purposes. With Remarks on the Blowing up of Bridges. 
B}’ Gen. Sir John Bi^RtiovNE, Bart., K.C.B. Illustrated, is, 6d, 

43. TUBULAR, AND OTHER IRON GIRDER BRJDGES,^2X- 

ticularly describing the Britannia and Conwaj’’ Tubular Bridges. By G. 
Drysdale Dempsey, C.E. Fourth Edition. 2s. 

44. FOUNDATIONS AND CONCRETE WORK'S, with Practical 

Remarks! on Footings, Sand, Concrete, Beton, Pile-driving, Caissons, and 
CoflFerdams, &c, Bv E. Dobson. Fifth Edition, is. 6d. 

60. LAND AND ENGINEERING SUR VEYING. By T. Baker, 

C.E. Fourteenth Edition, revised by Professor J. R. Young. 2s.t 

80*. EMBANKING LANDS FROM THE ' SEA. With examples 

and Particulars of actual Embankments, &r. ByJ. Wiggins, F.G.S. 2s. 

81. WATER WORK'S, for the Supply of Cities and Towns. With 

a Description of the Principal Geological Formations of England as in- 
fluencing .Supplies of Water ; and Details of Fmgines and Pumping Machinery 
tor raising Water. Bv Samuhl Hughks, F.G.S., C.E. New Edition. 4s.t 
118. CIVIL ENGIAEERING IN NORTH AMERICA, a Sketch 

of. By David .Stkvknson, F.R.S.E., &c. Plates and Diagrams. 3s. 

167. IRON BRIDGES, GIRDERS, ROOTS, AND OTHER 
WORKS. By Francis Campin, C.E. 2s. 6 d.t 
197. ROADS AND STREETS { 7 HE CONSTRUCTION OF). 

By Henry LA\y, C.h^., revised and enlarged by D. K. Clark, C.E., including 
pavements of .Stone, Wood, Aspbalte, &c. 4s. 6d.l 

203. SANITARY WORK IN THE SMALLER TOWELS AND IN 

VILLAGES. By C. Slagg, A.M.I.C.E. Revised Edition. 3s.t 

212 . GAS-WORKS, THEIR CONSTRUCTION AND ARRANGE- 
MENT ; and the Manufacture and Distribution of Coal Gas. Originally 
written by Samuei. Huchies, C.E. Re-writD*n and enlarged by William 
Richards, C.E. .Seventh Edition, witli impfirtant additions. 5s. 6d.t 
213* PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with the. Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.t 

216. MATERIALS AND CONS 7 RUCTION ; A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. B3' Francis Campin, C.E. Second Edition, revised. 3s. t 

219. CIVIL ENGINEERING. By Henry Law, M.Tnst. C.E. 
Including Hydraulic Engineering by Geo. R. Burnell, M.Inst. C.E. 
Seventh Edition, revised, with large additions by D. Kinneak Clark, 
M.Inst. C.E. 6.S. 6d., Cloth boards, 7s. 6d. 

7 he t indicates that these vois. may be had strongly bound at 6 d. extra. 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Constniction of, and other ^fachinery for Eaising 

Heavy Bodies. By Joskph Glynn, F.R..S. Illustrated, is. 6d. 

34. THE STEAM ENGINE. By Dr. Lardner. Illustrated, is. 6d. 
59. STEAM BOILERS : their Constniction and Management. By 

R. Armstrong, C.E. Illustrated- is- 6d- 
82. THE POWER OF WATER, as applied to drive Flour Mills, 
and to pfive motion to Turbines, 8cc. By Joskph Glynn, F.R.S. 2s.t 
q8. PRAC 77 CAL MECHANISM, the FJements of; and Machine 
Tools. By T. Bakhr, C.E. With Additions by J. Nasmyth, C.E. 2s. 6d.t 
139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules and Examples for Practical Men. By T. Baker, C.E. is. 6d. 

164. MODERN WORKSHOP PRAC 2 VCE, as applied to Steam 

Engines, Bridpfes, .Ship-biiildinpf, Cranes, Stc. ByJ. G. Winton. Fourth 
Edition, much enlarj^ed and carefully revised. 3s. 6d.t \JJ ust published. 

165. IRON AND HEAT, exhibiting the Frinciples concerned in the 

Construction of Iron Beams, J*illars, and (iirders. P.y J. Armol'R. 2S. od.t 

166. POWER IN MOTION : Horse-Power, Toothed- Wheel Gearing, 

I.onpf and .Short Drivinjr Bands, and An^rubar Forces. ByJ. Armour, 2S.t 

1 71. THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. ByJ. Maxton. 0th Edn. With 7 Plates and 350 Cuts. 3s. 6d.i 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. Beinaf an Extension of tlie Elementary Treatise on tho .Steam 
Enffine of Mu. ]ohn Skwklt.. Bv’ I). K. Clark, M.I.C.E. 3s. od.t 
200. FUEL, its Combustion and iLconomy. By C. W. WiLLiAM.s. 
With Recent Practice in the Combustion and Economy of Fuel — Coal, Coke. 
Woo«l, Pc.it, Petroleum. &c. — by D. K. Clark, M.I.C.E. 3s. Od.t 

202. LOCOMOTIVE ENGINES. By G. D. Dempsey, C.E. ; with 

larije additions by D. Kinnkar Clark, M.I.C.E. 3s. t 
21 1. THE BOILERMAKER'S ASSISTANT in Drawing, Teni- 
platine:, and Calculating Boiler and Tank Work. By John Courtney, 
Practical Boiler Mak(‘r. Edited by D- K. Clark, C.E. 100 Illustrations. 2.», 
217. SE WING M. 4 .CIIINERY : Its Construction, Historjb &c., with 

full 'J'echnical Directions for Adjusting^, 8tc. By J. W. I^kquhart, C.E. 2s. t 

223. MECHANICAL ENGINEERING. Coini>rising Metallurgy, 

Moulding, Casting, Forging, Tools, Workshop ^Machinery, Manufacture ol 
the Steam Engine, &c. By Francis Ca.mpin', C.E. Second Edition. 2s. 6d,t 

236. DE 7 AILS OF MACHINERY. Comprising Ins'ructions for 

the Execution of v.arious Works in Iron. By Francis Campin.C.E. 3s. t 

237. THE SMI 7 HY A AH FORGE ; including the Farrier's Art and 

Coacli Smithing, liy W. J. E- Ck.xne. Illustrated. 2S. 6d,J 

238. THE SHEE 7 '-ME 7 AL WO R KER' S GUIDE; ^Vr:ic\:\Q2\ Hand- 

book for Tinsmiths, Coppersmiths, Zinctvorkers, 8tc. With q4 Diagrams and 
AVorking Patterns. By W. J. E. Crank. Second Edition, revised, is. 5 d. 

251. STEAM AND MACHINERY MANAGEMENT : with Hints 

on Construction and Selection. Bv Powis Balk, M.I.M E. 2S. 6d.2 

254. THE BOILERMAKER'S READY-RECKONER. By J. 

Courtney. Edited by 1 ). K. Clark, C.E. 4s., limp; ss., half-bound. 

255. LOCOMOTIVE ENGINE-DRIVING. A Practical Manual for 

Engineers in charge of Locomotive Engines. By ^IiCHAEL Reynolds, M.S.I'' 
Eighth Edition. 3s. 6d,, limp ; 4s. 6d. doth boards. 

256. STATIONARY ENGINE-DRIVING. A Practical Manual 

Engineers in charge of Stationary Engines. By Michael Reynolds, M.S.E . 
I'hird Edition. 3s. 6d. limp ; 4s. 6d. doth boards. 

260. IRON BRIDGES OF MODERATE SPAN: their Construc- 
tion and Erection. By Hamilto.n W. Fendrkd, C.V.. 2s. 

The 2 tndtcaies that these rfols. way be had stronUy bound at 6 d. extra. 

7, stationers' hall court, LUDGATE HILL, K.C. 
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WEALK’S RUDIMENTARY SERIES. 


MINING, METALLURGY, ETC. 

4. MINER ALOGY^'R.xxdxmenX.^ of; a concise View of the General 
Properties of Minerals. By A. Ramsay, F.G.S., F.R.G.S., 8cc. Third 
Edition, revised and enlarged. Illustrated. 3s. 6d.t 

117. SUBTERRANEOUS SURVEYING^ with and without the Mag- 
netic Needle. By T. Fknwick and T. Bakkr, C.E. Illustrated. 2s. 6d. } 
133. METALLURGY OE COPPER. By R. 11 . Lamuorn. 2s. 6d.j 
135, ELECTRO-AIE 7 ALLURGY ; Practically Treated. By Alex- 
ander Watt. Ninth Edition, enlarged and revised, with additional Illus- 
trations, and including the most recent Processes. 3s. 6d.t 

172. MINING TOOLSt Manual of. For the Use of Aline Managers, 

Agents, Students, &c. By Wim.iam Morgans. 2s. 6d. 

172*. MINING TOOLSy ATLAS of Engravings to Illustrate the above, 

containing 233 Illustrations, drawn to Scale. 4to. 4s. 6d. 

176, METALLURGY OF IRON. Containing History of Iron Alanu- 

facture, Methods of Assay, and Analyses of Iron Ores. Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauekman, F.G.S. .Sixth Edition, 
revised and enlarged, ss.t lJust published. 

i8a. COAL AND COAL MINING. By Warington W. Smyth, 

AI.A., F.R.S. Sixth Edition, revised 3s. 6d.t 

195. THE MINERAL SURVEYOR AND VALUER'S COM- 

PLETEGUIOE. By W. I.intern, Mining Engineer. 'J'liird Edition, with 
an Appendix on Magnetic and Angular Surveying. With Four Plates. 
3s. 6d.* \y itst published, 

214. SLATE AND SLATE QUARRYING, Scientific, Pi actiail, and 

Commercial. By I). C. Davies, F.G.S., Mining Engineer, See. 3S.t 

264. A FIRS 7 ' BOON OF MINING AND QUARRYING, with the 

Sciences connected therewith, for Prinuiry Schools and Self Instruction. By 
J. H. CoLLi.NS, F.G.S. Second Edition, with additions, is. 6J. 


ARCHITECTURE, BUILDING, ETC. 

16. ARCHITECTURE — ORDERS — The Orders and their .iS^sthetic 

Principles. By W. H. Leed.s. Illustrated, is. 6d. 

17. ARCHITECTURE — STYLES — The History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bdry, F.K.I.B.A., &r. Illustrated. 2s. 

%* Orders and Styles of Architecture, in One Vol., 3 s. td. 

18. ARCHITECTURE — DESIGN — The Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 
Greek and Gothic Architects. By E. I.. Garrett, Architect. Illustrated. 2s.6d. 
%• The three precedintr Works, in One handsome Vol., half bound, entitled 
“Modern Archithcturh,” 6s, 

22 . THE ART OF BUILDING, Rudiments ot. General Principles 

of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By E. Dobson, 2s.t 

2$. MASONRY AND STONECUT 2 ING : Rudimentary Treatise 

on the Principles of Masonic Projection and their application to Con- 
struction. By Edward Dobson, M.K.I.B.A., &c. 2s. 6d.t 
42. COTTAGE BUILDING. By C. Bruce Allen, Architect. 

Tenth Edition, revised and enlarged. With a Chapter on Economic Cottages 
for Allotments, by Edward E. Allen, C.E. 2s. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, &c. By G. R. Burnell, C.E. Thirteenth Edition, is. 6d. 

57. WARMING AND VENTILATION. An Exposition of the 

General Principles as applied to Domestic and Public Buildings, Mines, 
Liehthouses. Ships. &r. Rv C. Tomlivsov, P.R ..S.. &r. Tllustrated. 3s. 

The t indicates that these vols. may be had strongly bound at 6d. extra. 
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weale’s rudimentary series. 


5 


Architecture, Building, etc., continued. 

III. ARCHES, PIERS, BUI'TRESSES, &*c.: Experimental Essays 

on the Principles of Construction. Hy W. Bland. Illustrated, is. 6d. 

Il6. THE ACOUSTICS OF PUBLIC BUILDINGS; or. The 

Principles of the Science of Sound applied to the purposes of the Architect and 
Builder. By T. Roohr Smmu, M.R.l.B. A., Architect. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d, 

128. VITRUVIUS— 7'HE ARCHITECTURE OF MARCUS 

V/ 7 '/i UV/US POLLO. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCIIITECI'URE, An Inquiry into the Principles 

of Beauty in ; with an Historical View of the Rise and Progp-css of the Art in 
Greece. By the Earl of Aberdeen, is. 

The two preceding: ll^'orks in One handsome Vo/., halj bound, entitled “Ancient 
Architectitrb,” price 6s. 

132. THE ERECTION OF DWELLING-HOUSES. Illustrated by 

a Perspective View, Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, with the Specification, Quantities, and Estimates, &c. By 
S. H. Brooks. New Edition, with Plates. 2s. 6d.t 

156. QUANTITIES MEASUREMENTS in Biicklayers’, Masons’. 

Plasterers’, Plumbers’, Painters’, Paperhanpers’, Gilders’, Smiths’, Carpenters’ 
and Joiners’ Work. By A. C. Beaton, Surveyor. New Edition, is. 6d. 

175. LOCNIVOOD SO.NS BUILDER'S CONTRACTOR'S 

PRICE BOOK, containing the latest Prices of all kinds of Builders’ Materials 
and Labour, and of all Trades connected with Building, &c., &c. Edited 
by F. T. W. Mili eu, Architect. Published annually. 3s. od. ; half bound, 4s. 

182. CARPENTRY AND 70 INER V—Thk Elementary Prin- 

ctPLES OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With a IKEATISE ON lOINERY by R. 
Wyndham Tarn. M.A. Fourth Edition, Revised. 3s. 6a.t 

182*. CARPENTRY ANI} JOINERY. ATLAS of 35 Plates to 

accomp.mv the above. With Descriptive Letterpress. 4to. 6s. 

185. THE COMPLE7E MEASURER ; the Me 3 i^nrtmentoiBoz.Td 9 i, 

Glass. 8cc. ; Unequal-sided, Square-sided, Octagonal-sidi^d, Round Timber 
and Stone, and .''tanding Timber, Stc, By Richard Horton. Fifth 
Edition. 4s. ; stronglv bound in le.Tther, 5s. 

187. HIN7S 70 YOUNG ARCHITECTS. By G. Wightwick. 

New Edition. By G. H. Giullaumk. Illustrated. 3s. Od.f 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : with a Course of Elementary Drawing for House- Painters, Sign- 
Writers, &c., and .T Collection «»f Useful Receipts. By Ei.ns A. Davidson. 
Fifth Edition. With Coloured Plates, ss. cloth limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In .Six Sections : General Principles; Arch Drawing, Cutting, and Setting; 
Pointing; Paving, Tiling, Alateri.als ; Slating and I'lastering; Practical 
Geometry, Mensuration, &c. By Adam Hammo.nd. .Seventh Edition, zs. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 

the Plumber, With Chapters upon House Drainage and Ventilation. Fifth 
Edition. With 380 Illustrations. By W. P. Bi'cha.v. ^s. bd.t 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

and BUILDER’S .STANDARD GUIDE. By R, K. Grandy. 2s. 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 
Church Restoration. With the Theory of Domes and the Great PjTamitl, 
&c. By Sir Edmi'nd Beckett, Bart., I.L.D., Q.C., F.R.A.S. 4s. 6d.t 

226. THE JOINTS MADE AND USED BY BUILDERS in the 

Construction of various kinds of Fngineering and Architectural Works. By 
WyvillJ . Chris'iy, Architect. With upwardsof 160 Engravings on Wood. 3s. t 

(1^^ 7 'he t indicates that these nmls. tnav be had sironUy bound at 6d. extra. 
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WEALE'S RUDIMENTARY SERIES. 


Architecture, Building, etc., continued, 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON. 

Ry E. Wyndham Tarn, M.A., Arrhittct. Second Edition, revfst d, is, Od. 

229. ELEMENTARY DECORATION : as applied to the Interior 

and Exterior Decoration of Dwelling-Houses, &c. HyJ. W. Facky. 2s. 

257. PRACTICAL HOUSE DECORATION. A Guide to the Art 

of Ornamcnt.il P.iinting. RvJa.mks W. t’Acuv. as. 6d. 

The fivo preceduii^ U \>r/cs, tn Our Imndsotue \ ~ul., hal /-bound , eniiiled Housi>; 
Dkcorai ion, Ei kmhntary AN 13 Practical,” prue 53. 

230. HANDRAILING. Showing New and Simple Methods for finding 

the Pitch of the Plank, I>rawing the Moulds, Pevelliug, Jointing-up, and 
Squaring the Wreath. By Gh()K(;h Collinos, Pl.ites and Diagrams. is.6d. 

247. BUILDING ESI A I'ES : a Rndiinentary U realise on the Develop- 

ment, Sale, Purchase, and General Management of Building Land, By 
Fowl i?R Maitland, Surveyor. Second Edition, revised. 2s. 

248. PORTLAND CEMENT FOR USERS. By IIknry Faija, 

Assoc. M. Inst. C.IL Second EMition, corrected. Illustrated. 2s. 

252. BRICKWORK : a Practical Treatise, embodying the General 

and Higher Principles of Bricklaying, Cutting and Setting, &c. Bj' E'. 
"Walker. Second Edition, Revised and Enlarged, is. 6d. 

23. THE PRACTICAL BRICK AND TILE BOOK. Comprising: 
189. Brick and Tile Makino, by Eb Douson, A.l .C.IC ; Practical Bkk klay- 
*S 2 . INO, 1)3' A. Hammond; Brickwork, b.v E\ Walker. 550 jip. with 270 Illus- 
trations. 6s. Strongl3' half-bound. 

253. THE TIMBER MERCHANTS, SA JF-MILLERS, AND 

IMPORTER’S E'REIGHT-BOOK AND AS.SIS I ANT. By Wm. Rich- 
ardson. With a Chapter on Speeds of Saw-Mill Machinery, Sec. By 
M. Powis Bale, A.!M.Inst.C.lL ^s.t 

258. CIRCULAR IVORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Douhh; Curvature. 
By Georoe Collinos, Autht»r of “ A Treatise on Handrailing.” 2.s. 6d. 

259. GAS FITl ING : A Practical Ilandbfiok Irealiiig of every 

Description of Gas La3ing and Fitting. B3’ John Black. AVitii 122 Illus- 
trations, 2s. dd.f 

261. SHORING AND ITS APPLICATION: A Hnndbook for the 

Use of Students. B}' Georoe H. Bla(;rov»’. is. 6d. \Iust pnbii.shed. 

265. THE AR T OF PR A CTICA L BRICK CUTTINGS SETTING. 

By Adam Hammond. AVith 90 Imgravings. is. 6d. nsf published. 

267. THE SCIENCE OF BUILDING : An Flemcntar>' Treatise on 

the Principles of Construction. Adapted to the Requirements of Architec- 
tural Students. By E-. Wymhiam 1 Ar.v, M.A. Lond. Third Edition, Revised 
and Enlarged. With 59 Wood Engravings. 3s. Od.t //si published. 

SHIPBUILDING, NAVIGATION, MARINE 
ENGINEERING, ETC. 

51, NAVAL ARCHITECTURE. An Exposition of the Elementary 

Principles of the .Sciemre, and their Practical Ap])lication to Naval Construc- 
tion. By J. Peake. E’ifth Edition, with Plates and Diagrams. 3s. bd.f 

53». SHIPS FOR OCEAN RIVER SERVICE, Elementary and 

Practical Principles ol the Construction of. By H. A. Sommerfhi.dt. is. 6d. 

53**. ANA7LAS OFENGRA VINGS to Illustrate the above. Twelve 

large folding plates. Royal 4 to, cloth. 7s. 6d. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Also Tables of Spars, Rigging, Jflocks ; Chain, Wire, and Hemp Ropes, 
&c., relative to every class of vesscl.s. By Rohekt KiEr-iNG, N.A. 2s. 

54*. IRON SHIP-BUILDING. With Practical Examj)les and Detail-. 

By John Granjham, C.E. 5tli Edition. 4s. 

Th/i f indicates that these Tols. 7 nay be had stro/u^/y bo/tnd at itd. extra, 

LONDON : CROSBY LOCKWOOD AND SON, 
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Shipbuilding, Navigation, Marine Engineering, etc., cont. 

55* SAILOR'S SEA BOOK: a Rudimentary Treatise on 

Navigation. Hy Jamhs Gkehnwoou, R.A, AVith mmieroiis Woodcuts and 
Coloured Plates. Ni‘w and enlarfjfod edition. My W. H. Rosser. 2s. 6d.t 

8o. MARINE ENGINES AND STEAM VESSELS. By Robert 

Mlirrav, C.E. Eijilith Eilition, tliorouf^hly Revised, with Additions by the 
Author and by Gi';ORr;K C'aki.isi.j-:, C.I*.., .Senior Surveyor to the Board of 
Trade, Livi-ri)ool. 4s. od. bmji ; 5.S. rloth hoards. 

Zihis. THE FORMS OF SHIPS AND BOA TS. By W. Bland. 

Seventh Edition, Revised, with riunieroiis Illustrations and Models, is. 6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY/wiTa^ovj 

and Practice- J»3' Prof. J. R, VousG. New Edition. 2S. 6d. 

106. SHllS' ANCHORS, a Treatise on. By G. Cotsell, N.A. is. 6d. 
149. SAIL.^ AND SAIL-MAKING. With Draughting, and the Centre 

of Effort of the .Sails; Weii^hts and .Sizes of Ropes: Mastinp;, Kifffjing, 
and .Sails of Steam Vessels, Sfc. 12 th Edition. By R. KipriN'G. N.A., 2 s 6d.t 

155. ENGINEER'S GUIDE TO THE ROYAL ^ MERCANTILE 

NAVIifS. J’>y a Pka< ' 1 1< Ai. E.voinrkr. Revised by D. F. M'Carthy. 3s. 

55 FRACIICA/^ NAVIGATION. Consisting of The Sailor's 

^ Sea-P.ook. By Iamks Ci KiihNwofU) .and W. PI, Rosser. Together with 
the rerniisite Maiheinatical and Nautical Tables for the Wf)rking’ of the 
proldems. Jiy il. Law, C.E., and Prof. J. R. Yoi NO, 7s. Half-bound. 

AGRICULTURE, GARDENING, ETC. 

ti*.A COMPLETE READY RECKONER FOR THE ADMEA- 
SUKK.\IJ';NM' of land, &<-. I'.y .A. Armav. Third ICclition, revised 
and extended by C. Nokkis, .Snrve5'or, Valuer, &c. 2s. 

131. MILLER'S, CORN MERCHANT'S, AND FARMER'S 

READY KF.CKONER. .Secoml ICdition, with a I^rice List of Modern 
Flour-Mill Machinery, hy W. S. ilrn ...s, C.E. 2s. 

140. SOILS, MANURES, AND CROl^S. (Vol. i. Outlines of 

Modern P'arming.I Bv R. .Scott Bcrn. Woodcuts. 2s. 

141. FARMING dr- FARMING ECONOMY, Notes, Plistorical and 

Practic.d, on. (Vol. 2.O1 it.ink.s ok Modkkx Farming.) By R. Scott Burn. 3$. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

OuTi.iNKs OF Modern P'akming.) By K. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, I^Ianagement of the. By 

R. .Scon Burn. (Vol. Outi.inks ok AIodern Farming.) 2s. 

146. UTILIZATION OF SEJVAGE, IRRIGATION, AND 

RECLAAIA riON OF W.A.'^'l E T.AND. (Vol. 5. OL'ri.i.\Ks of Modern 
Farming.) By K, .Scott Burn. Woodcuts. 2s. 6d. 

*** Nos. 140-1-2-5-6, ;>/ One Vol.. hnndsofnely half-bound, entiih'd “OUTLINES OP 
Modern Farming." By Rohkrt Scott Burn. Price 12.V. 

177. FRUIT TREES, The Scientific and J’rofitable Culture of. From 

the French of I >i' Hkeiul. Revised hv Geo. Gi enny. 187 Woodcuts. 3s. 6d.t 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 

DISJ'’.ASE.S OF. By W. C. Spooner, M.R.V.C., &e. Fifth Edition, 
enlarged, iiu-luding Specimens oi New and Improved Breeds, 3s. 6d.f 

201. KI'IUIEN GARDENING MADE EASY. By George M. F. 

Glenny. Illustrati-d. :.s. 6d.J 

207. OUTLINES OF FARM MANAGEMENT, umi the Organu 

zalioti of Juirm Labour. ByR. .Scerrr Burn. 2 s. 6d.t 

208. OUTLINES OF LANDED ESTATES MANAGEMENT. 

By R. Sco iT Bt'RN. 2s. 6d.t 

•c* A^os. 207 208 I'n One Vol.. handsomely half-bound, enlitled “OUTLINES OF 

Landed Estate.s and Farm AI anaiiement." Hv R. Scott Burn. Price 6s. 

(Os^^ 7 'he t indn afes that these wts. may be had strotiy:ly bound at 6 d. extra, 

7, stationers’ hall COURT, LUDGATE HIl.L, E.C. 
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Agriculture, Gardening, etc., continued. 

209. THE TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, &c. Py Samukl Wood. 2s.t 

210 . THE TREE PRUNER. A Practical Manual on the Pruning of 

Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flow'Cring Plants. By Samuhl Wood. 2s.t 
%• Nos. 20Q 210 in One Vol., handsomely half- bound, entitled “The Tree 

Planter, Propagator, and Pruner.” By Samuel Wood. Price 55. 

218. THE HA Y AND STRA W MEASURER : Being New Tables 

for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c. 
By John Steele. B'ourth Edition. 2s. 

222. SUBURBAN FARMING. The Laying-out and Cultivation of 

Farms, adapted to the Produce of Milk, Itutter, and Cheese, Eggs, Poultry, 
and Pigs. Jiy Prof. John Donaldson and R. Scott Burn. 3s. 6d.t 

231. THE ART OF GRAFTING AND BUDDING. By Charles 

Bal i et. With Illustrations. 2s. 6<l.t 

232. COTJAGE GARDENING ; or, Flowers, Fruits, and Vegetables 

for Small t^ardens. By E. Hobday, is. 6d. 

233. GARDEN RECEIPTS. Edited by Charles W. Quin. is. 6d. 
434. MARKET AND KITCHEN GARDENING. ByC.W. Shaw, 

‘late Editor of “ Gardening Illustrate*d.” 35.+ published. 

239. DRAINING AND EMBANKING. A Practical Treatise, em- 

bodying the most recent experience in the Application of Improved Methods. 
By John Scott, late Professor of Agriculture and Rural Economy at the 
Royal Agricultural College, Cirencester. With 08 Illustrations, is. 6d. 

240. IRRIGA TION AND WA TER SUPPL Y. A Treatise on Water 

Meadows, Sewage Irrigation, and Warping; the Construction of Wells, 
Ponds, and Reservoirs, &c. By Prof. John Scott. With 34 Ulus. is. 6d. 

241. FARM ROADS, FENCES, AND GAI'ES. A Practical 

Treatise on the Roads, 'I'ramwTiys, and Waterways of the Farm; the 
Principles of Enclosures; and the different kinds of Ftrnces, Gates, and 
Stiles. By Professor John Scott. With 75 Illustrations, is. 6d. 

242. FARM BUILDINGS. A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and Construction, 
with Plans and Estimates. By Prof. Jt>HN Scott. With 105 Ulus. 2s. 

243. BARN IMPLEMENTS AND MA CHIEFS. A Practical 

Treatise on the Application of l\)wcr to the Operations of Agriculture ; and 
on various Macliiiiesused inthe 'J'hreshing-barn, in the Stock-3'ard, and in the 
Dair}’, &c. By Prof. J. .Scott. AV^ith 123 Illustrations. 2s. 

244. FIELD IMPLEMENTS AND MA CHIEFS. A Practical 

Treatise on the Varietic.s now in use, with Princijiles and Details of Con- 
struction, their Points of Excellence, and Management. By Professor John 
Scott. With 138 Illustrations. 2S. 

245. AGRICULTURAL SURVEYING. A Practical Treatise on 

Land Surveying, Levelling, and Setting-out; and on Measuring and Esti- 
mating Quantities, Weights, and Values of Materials, Produce, Stock, &c. 
By Prof. John .Scott. With 62 Illustrations, is. 6d. 

Nos. 23Q to 245 in One Vol., handsomely half -bound, entitled “ The Comple'J E 
Text-Book of Farm Encineekixc.*’ By Professor John Scott. Price i2J. 

*’50. MEAT PRODUCTION. A Manual for Producers, Distributors, 

&c. By John Ewart. 2s. 6d.l 

266. BOOK-KEEPING FOR FARMERS ESTATE OWNERS. 

By ]. M. WooDM.AN, Chartered Accountant. 2s. 6 d. cloth limp; 3s. 6 d. 
cloth boards. \.Ju 5 t published. 

The t indicates that these vols. may be had strongly bound at 6 d. extra. 
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MATHEMATICS, ARITHMETIC, ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; Their 

Construction, Adjustment, Testing^, and Use concisely Explained. By J. F. 
Hkather; M.A. Fourteenth Edition, revised, with additions, by A. T. 
Wai.mislky, M.I.C.E., Fellow of the Surveyors' Institution. Original Edi- 
tion, in I vol., Illustrated. 2s.t VJusi published. 

In crderirtf^ the abo7>e, be ca7-eft*I If* “ Original Ediiion ’* (A^o. 32), to disitn- 
g7.iish it from the Enlarged Edition in 3 vols. {Nos. 168-9-70.) 

76. DESCRIPTIVE GEOMETRY, an Elementary Treati';e on ; 

with a Theory of .Shadows and of Perspective, extracted from the French <j 1 
G. Mon'GK. To which is added, a description of the Principdes and Practi< e 
of Isometrical Projection. Bj' J. F'. Hkather, M.A. W ith 14 Plates. 2s 

178. PRACTICAL PLANE GEOMETRY : giving the Simplest 

Alodes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the. Grotind. By J. F'. Hkathhr, M.A. AVith i;is Woodcuts. 2s. 

83. COMMERCIAL BOOK-KEEPING, With Commercial Phrases 

and Forms in English, French, Itali.an, and German. By James Haddon, 
AI.A., Arithmetic.al Alaster of King’s College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on: with full Explana- 

tions of its 'rheorctir.al Principles, and numerous Examples for Practice. By 
Proftrssor 7. R. You.vo. Eleventh Edition, is. 6 d. 

84*. A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted l>earners. By J. R. Young, is. 6d. 

85. EQUA TJONAL ARITIIAIE 7 IC, applied to Questions of Interest, 

Annuities, Life Assurance, and Gtmeral Commerce ; with various Tables by 
which all Calculations may be greatly facilitated. By W. Hiksley. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscell.aneous Investigations, and a Collection 
of I’roblems in v:irious parts of Algebra. 2S. 

86*. A Key Ani> Comtanion to the above Hook, forming an extensive repository of 
Solved ICxamples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By J. R. Young, is. 6d. 

88. EUCLID, The Elements ok; with many additional Propositions 

8g. and hixplanatory Notes; to which is prefixed, iin Introductory* Essay on 
Logic. By Hhnry Law, C.E. 2s. 6d.t 

•** Sold also separntelv, 7'iz. : — 

88. EirCLID, The First Three Books. By Hknry Law. C.E. is. 6d. 

8q. Eucum, Books 4, 5, 6, 11, 12. By* Hknry Law, C.E. is. 6d. 

90. ANALY 7 VCAL GEOMETRY AND CONIC SECTIONS, 

By James Ha.nn. A New Edition, by Professor J . R. Young. 2S.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical blaster of King’s College, London, is. 6d. 

92. SPHERICAL 7 RIGONOME 7 RY, the Elements of. By Jame.s 

Hann. Revised by* Charles H. Dowling, C.E. is. 

Or 7vilh “ I'he Elements of Plane 2'rie;ononietr-\' f in One Volume, 2S . 6d. 

93. MENSURATION AND MEASURING. With the Mensuration 

and Levelling of I.and for the Purposes of Modern FIngineering. By* I . 
Baker, C.E. New Edition by E. Nugent, C.E. lllusivated. is. 6d. 

101. DIFFEREN 7 IAL CALCULUS, Elements of the. By W. S. B. 

W’OOLHOUSK, F.K.A.S., &c. IS. 6d. 

102. /A^TEGRAL CA LCULUS, Rudimcntaiy* Treatise on the. By 

HoMFiKSHAM Cox, B.A, Illustrated, is. 

136. ARI 7 HME JVC, Rudimentary, for the Use of Schools and Self- 

Instruction. By James Hauuon, M.A. Kewised by A. Arman, is. 6d. 

137. A Kby to HAnooN’s Ritoimentarv Arithmetic. By A. Arman, is. 6d. 

tsr The 1 indicates that these j'ols. may be had stpx>ngly bound at 6d. extra. 


7, stationers" hall COITRT, ludgate hill. e.c. 
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Mathematics, Arithmetic, etc., continued. 
f68. DRAJVING AND MEASURING INSTRUMENTS. Includ- 
ing" — I. Instruments cmplo3’ed in Geometrical and Meehanic.'il Drawing, 
and in the Construction, Copying, and JMeasurmnent of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. P.y J . F. Heatuhr, M.A, Illustrated, is. 6d 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing coi)ies of Alaps and Plans 
by Photograp}i3\ Py 1 . F. Hkathhr, AI.A. I llustratetl. is. 6d. 

170. SURVEYING AND ASIRONOMICAL INSTRUMEA^TS. 

Including — 1 . Instruments Used for Determining the Geometrical Features 
of a portion of (ground. If. Instruments Fmploj'cd in Astronomical Obsorca- 
tions. Py J. F. Heather, AI.A. Illustrated, is. 6d. 

The above three 7 >oluines foi-m an enlargement of the Author's ori^'nal rvork 
Mathematieizl /nstrnznents." (See A'o. 32 tn the Series.) 

i 6 S.^MATI/EMATICAL INSTRUMEN'TS. By J. F. Heather, 

i6g. f M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as 
170.1 above, in One thick X'olunie. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW 'TO USE IT; containing 

full, eas}-, and simjjle Instructions to perlorm all lousiness C.'ilculations with 
unex.ampled rapidity and accuracy'. Pj’ Charles Hoare, C.E. Fifth 
Edition. With a Slide Rule in tuck of cover. 2 S. 6d.t 

196. THEORY OF COMPOUND INTEREST AND ANNUL 

TIF-S; with T'ables of Log.'irithms ft»r the more Difficult Computations of 
Interest, Discount, Annuiti.'s, &r. Pv Ffpou I homan. 4s. t 

199. THE COMPENDIOUS CALCULATOR ; or, liasy and Concise 

Methods of Performing t’ue various Arithmetical Opi-rations reiiuired in 
Commercial and Pusiness Transai tions ; tog<*ther with Useful Tables, Py 
D. O'Gok.man. 'I'wentj'-seventh Edition, carelullv revised by C. Norris, 
2 s Oil., cloth limp ; 3s. od., strong]}' half-bound in leather. 

204. MA'THEMATICA L TABLES^ lor Trigononutrical, Astronomical, 

and Nautical Calculations ; to W'hich is prefixed a 't reatise on Logarithms. 
Py Henry Law, C.E. 'logethcr with a Scries of J'ahles for Navigation 
and Nautical .Astronoinv. Py Prof. J. R. Yoevr.. New J-'.dition. 4s, 

204*. LOGARITHMS. With Alalhematical Tables for Trigonometrical, 

Astronomical, and Nautical C;ilculations. PvHhnkv L \w, A 1 .Inst. C.E. New 
and Revised Edition, i h'ormingpart of the above Woiki. 3s. 

221 . MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analy.sis of the Christian, Hebrew, and Aliihometan 
Calendars. Py AY. S. P. WooLHOrsK, J''.K.A..S., E.S.S. Sixth Kdi*^ion. 2s.t 

227. MATHEMATICS AS APPLIED 'TO THE CONSTRUC- 
TIVE ARTS. Illustrating the v.'irious processes of Mathematical Investi- 
gation, by n cans of Arithmetical and .Siniph* Algebraical Equations and 
Practical Examples, Pv Francis Camein". C.E. .Second Edition. 3.s.f 


PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY. By Professor Geo K tiK Fovvne.s, F.R.S. With 

an Appendix on the. Application of Chemistry to Agriculture, is. 

2. NATURAL PHILOSOPHY, Intioduction to the Study of. By 

C. Tomlinson. M'oodcuts. is. 6d. 

6. MECHANICS, Rudimentaiy Treatise on. By Charles Tom- 

linson. Illustrated, is. Gd. 

7. ELECTRICITY ; showing the riencral Princijdes of Electrical 

Science, and the purpo.ses to whicli it h;ts b<-en apjdieil. Py Sir W. .Snow 
Harris, F.R.S., &c. With Additions by K. Sahine, C.E., F.S.A. is, Gd. 
7*. GALVANISM. By Sir W. Snow Harris. New Edition by 
Robert Sabine, C.E., F.S.A. is. Gd. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Magnetical Science. Py .Sir W. Snow Harris. New Edition, 
revised by H. M. Noah, Ph.I). With iG«; Woodcuts. 3s, Gd.f 
The t indzrntes that these vots. fnny he hart sfronv/v hound at oU. extza 
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Physical Science, Natural Philosophy, etc., continued. 

11. THE ELEC 2 R 1 C 'TELEGRAPH ; its History and Progress; 

with Descriptions of some of the Apparatus. Ki'K. Sabinh, C.E,, F.S.A. 3s. 

12. PNEUMATICS^ including Acoustics and the Phenomena of Wind 

Currents, for the Use of Rejjinners J^y CiiAKi.ES Tom!-In.son, F.R.S. 
Fourth Edition, enlarged. Illustrated, is. 6d. {fjust published. 

72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodwako, A.L.S. Fourth Edition. With 
Appendix by Rai.ph Tath, A.T..S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 

96. ASTRONOMY. By the late Rev. Robert Main, M.A. Third 

Edition, by William Tiivnnh Lynn, B.A., F.R.A.S. 2s. 

97. STA 72 CS AND DYNAMICS, the Principles and Practice of; 

embracing; also a tiv-.tr development of Hydrost.itics, Hydrodynamics, and 
Central Forces. By T. Baker. C.E. Fourth Edition, is. 6d. 

138. TELEGRAPH, Handbook of the; a Guide to Candidates for 

Employment in the Telegraph Ser\'ice. By R. Bond. 35.* 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock’s “Rudiments of Geology.” Bj' Ralph I ate, A.L.S. ,&c. Woodcuts. 2s. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's “ Rudiments.” By Ralph Tax e, A.L.S. , Sec. Woodcuts. 2s. 6d. 
173 RUDIMEN'PARY TREATISE ON GEOLOGY, Physical and 
8c Historical. Parti)' based on Maior-Gencral Portlock’s “Rudiments of 
174. Geolog-y.” By Rai.ph Tax k, A. L..^., F.G.S., &c. In One Volume. 4s. 6d.t 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

& formerly Professor of Natural Pbilosopliy and Astronomy in University 
College, Loud. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 
*** Sold also in 7 'ivo Parts, as /ollo 7 vs : — 

183. Animal Phy.sics. By I>r. Lardner. Part 1 ., Chapters I. — VII. 4s. 

184. Animal Physics. P.y Dr. Lardner. Part II., Chapters VHl. — XVIII. 3s 


FINE ARTS. 

20. PERSPECTJVE FOR BEGINNERS. Ailapted to Young 

Students and Amateurs in Architecture, I’ninting, Scc. Mv Georgs Pyne. 2s. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 

GLASS. From the Gt-rxnan of Dr. (iKSsi h i and li.MANi liL Uj xk Fro.m- 
UEKG. Willi an Appendix on The A KT ox-' E n a.m t- li.ing, 2^. od. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Exaraple.s. By Charles Child Si-e.ncer. 2s. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 

cises 8t Lessons from the Best Masters. By Chakx es Cihlii Spencer. js.Od. 

69-71. MUSIC ts* THE PIANOFORTE. In one vol. Half bound, 5s. 
18 1. PAINTING POPULARLY EXPLAINED, including Fresco. 

Oil, Mosaic, Water Colour, Water-Glass, Temjx'ra, Encaustic, Miniature, 
I’ainting on Ivorv, Vellum, Pottery, Enamel, (ilass, &r. With Historical 
Sketches of the I’rogress of the Art by Thomas John Gl'LLIck, assisted bv 
John '1 imms, F.S.A. Fifth Edition, revised and enlarged. 5s. t 

1 ^ 6 . A GRAMMAR OF COLOURING, applied tc Decorative 

Painting and the Arts. By Georok Eiki.d. New Edition, enlarged and 
adapted to the ITse of the Ornamental Painter and Designer. Jfy Ellis 
I^AVinsoN. With two new Coloured Diagrams, &c. 3s. t 

246. A DICTIONARY OF PALY TER S, AND HA A^DBOOK' FOR 

ITCTl’KF. AMATECKS; including ^lethods I'f Painting. Cleaning, Re- 
lining and Resti'ring, Sch.ools <jf Palnt'ng, &c. With Notes on the Copyists 
and Imitators of each Master. By Phii.hte Dakvl, 2s. oil.I 

The t tridtcafrs that these i>ols. may be had strongly bound at bd. extra. 

7, stationers' hall court, ludgatk hill, e.c. 
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INDUSTRIAL AND USEFUL ARTS. 

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac - 
ture of. By E. Dobson, M.R.I.B.A. Illustrated, 3s.t 
67. CLOCKS, WATCHES, AND BELLS, a Rudimenta^ Treatise 
on. By Sir Edmund Bhckktt, LL.D., Q.C, Seventh Edition, revised and en- 
larged. i|S, 6d. limp ; 5s. 6d. cloth boards. 

CONSTRUCTION' OE DOOR LOCKS. Compiled from the 
Papers of A. C. Hobbs, and Edited by Charles Tomlinson, F.R.S. 2s. 6d. 
162. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern -Making, Moulding, Turning, Filing, Burnishing, 
Bronzing, &c. With copious Receipts, &c. By Walter Graham, 2 s .2 

205. THE ART OF LETTER FAINTING MADE EASY. By 

J.G. Badknoch. Illustrated with 12 full-page Engravings of Examples, is. 6d 

215. THE GOLDSMIIITS HANDBOOK, containing full Instruc- 

tions for the Alloying and Working of Gold. By George E. Gee, is.t 

225. THE SILVERSMITH'S HANDBOOK, containing full In- 

structions for the Alloying and Working of Silver. By George E. Gee. 3s. t 
The ftvo prfr.f‘.din^ U’or^s, in One. handsome p'tii., half-hound, ettfifled “The 
Gold.smith’s & Sii-vkhsmith’s Complete Handbook,’’ 7j. 

249. THE HALL-MARKING OF JEWELLERY PRACTICALLY 

CONSIDERED. By Gkoroh E. Gee, ^s.t 
224. COACH BUILDING, A Practical Treatise, Historical and 
Descriptive. By J. W. Burgess. 2s- 6d.t 

235. PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A., Precentor of Ely Cathedral. Illustrated. 2S. 6d.t 

262. THE ART OF BOOT AND SHOEMAKING, including 

Measurement, Xast-fitting, Cutting-out, Closing and Making. By John 
Bedfokd l.E.NO. Numerous Illustrations. Third Edition. 2S. 

263. MECHANICAL DENTISTRY : A Practical Treatise on the 

Construction of the Various Kinds of Artificial Dentures, with Formul.-e, 
Tables, Receipts, Sec. Bj’ Charles Hunter. Third Edition. 3s. $ 

MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINIA'G, METALLURGY, ARCHE- 
OLOGY, the FIA^E ARJ'S, 6-c. By John Wkai.e. Fifth Edition. Revised 
by Robert Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, enlarged. 3s. t 

1 12. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 

B.A., M.D. A Family Guide in all Cases of AccidenCand Emergency. 2s.l 
fl2*. MANAGEMENT OF HEALTH. A Manual ot Home and 
Personal Hygiene. By the Rev. James Baird, B.A. is. 

150. LOGIC, Pure and Applied. By S. H, Emmens. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmens. 2s. 

154. GENERAL HINTS TO EMIGRANTS. 2s. 

157. THE EMIGRANT'S GUIDE TO NATAL. By Robert 
Jambs Mann, F.R.A..S., F.M.S. Second Edition. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION. By ISIajor 

W. W. Knollys, F.R.G.S. With 163 Woodcuts. 3s. t 

194, THE HOUSE MANAGER : Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Managoment, &c. By An Old Housekeeper. 3s. 6d.j: 

* 94 i HOUSE BOOK {The). Comprising : — I. The Hotisk Manager. 

1 12 & By an Old Hou.sekeephr. II. Domestic Mkdu ink. By K. Gooding, M.D. 
1 12*. Management of Health. B3' J. Baird. In One Vol., half-bound, os. 

The t indicates that these vol:, may be had stronf'ly bound at 6 d. extra. 
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EDUCATIONAL AND CLASSICAL SERIES. 


HISTORY. 

I. Kngland, Outlines of the History of; more especially with 

reference to the Ori}?in and Progress of the English Constitution. By 
"William Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
OflSce. 4th Edition, revised. 5s.; cloth boards, 6s. 

5. Greece, Outlines of the History of ; in connection with the 
Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton, 
of University College, London, and Edward Lkvikn, M.A., of Balliol 
College, Oxlord. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Levikn, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Oeation of the World to the Present Time. The Continuation by 
W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

SO. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. is. 


ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the .Study of Comparative Philology. By Hydb 
Clarke, D.C.L. Fourth Edition, is. 6d. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hvdk Clarks, D.C.L. 
3s. 6d, ; cloth boards, 4$. 6d. ; complete with the Grammar, cloth bds., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brknan. 
18th Edition. is.6d. 

49. Derivative Spelling-Book. : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish, 
and other Liinguuges ; with their present Acceptation and Pronunciation. 
By J. Rowbotham, F.R.A.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, V'icar-General and Professor at the 
Sorbonne. Translated from the French. 8 th Edition, carelully corrected, 25. 6 d. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Briel I'realiseupon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and George E. Webster, zs. 


THE SCHOOL MANAGERS* SERIES OF READING 
BOOKS, 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely ; 
formerly H.M, Inspector of Schools. 

Introductory Primer, 3</. 


s. d. I 

First Standard . . o 6 j Fourth Standard 

Second „ . . o 10 j Fifth „ 

Third „ . . i o | Sixth „ 

Lbs.sons from thb Biblb. Part I. Old Testament, is. 


5. d. 

1 2 

I 6 

1 6 


Lbssons from the Biih.f.. Part II. New Testament, to which is added 
Thb Geography of the Bible, for very young Children. By Rev. C. 
Thornion Forster, is. zd. Or the Two Parts in One Volume, zs. 


7 , STATIONERS’ HALL COURT, LUDGATE HILL, E.C. 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6 d. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Enpineerinp, Mining-, &c. By Alfred Elwbs. is. 6d. 

26. English-French Dictionary. By Alfred Elwes. 2s. 
25,26, French Dictionary (as above). Complete, in One Vol., 3s. ; 

cloth boards, 3s. 6d. Or with the Grammar, cloth boards, 4s. 6d. 

47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Words, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 


GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse’s Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6d. 

40. German Reader ; A Series of Extracts, carefully culled from the 

most approved Authors of Germany; -with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By N. E. S. A. Hamilton. 

In Tliree Parts. Part 1 . German-Frcncb-English. Part II. English-Ger- 
man-Frcnch. Part III. French-Gcrnian-English. 3s., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

& 39. Grammar (No. 30), in One Volume, cloth boards, 5s. 

ITALIAN. 

27, Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfrbu Elwes. is. 6d, 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted dow’n. By Alfred Elwtes. 
Vol. X, Italian-English-French. 2s. 6d. 

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2. 

English-Freneh-Italian. 2.s. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3. 

French-Italian-English. 2s. Od. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form, With 

a Course of Exercises. By Alfred Elwes. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of l ccbnic:iI Terms used in Mining, Engineering, &c. 
with the proper Accents and the Gender of every Noun. By Alfred Elwes 
4s. ; cloth boards, 5s. *** Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Eiavhs. is. 6d. 

56. Portuguese-English and English-Portuguese pic- 

tionary. Including a large number of Technical lerms used in Mining, 
Engineering, &c., with the proper Accents .and the ryender of every Noun. 
By Alfred Elwes, .Second Edition, Revised, 5s. ; cloth boards, 6s. *** Or 
■with tlie Grammar, cloth boards, 7s. 

HEBREW. 

46«. Hebrew Grammar. By Dr. Bresslau. is. 6d. 

44. Hebrew and English Dictionary, Biblical and Rabbinical; 

containing the Hebrew and Chaldee Roots of the Old lestament Post- 
Rabiiinical Writings, By Dr. Bresslau. 6s. 

46. English and Hebrew Dictionary, By Dr. Bresslau. 3s. 
14,46. Hebrew Dictionary (as above), in Two Vols., complete, with 

46*. the Grammar, cloth boards, 12s. 
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LATIN. 

19. Latin Grammar. Containiofj the Inflections and Elementary 

Principles of Translation and Construction, liythe Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, is. 6d. 

20. Latin- English Dictionary. By the Rev, Thomas Goodwin, 

M.A. 2s. 

22. English-Latin Dictionary; together with an Appendix of 
French and Italian Words which have their oriyin from the Latin. By the 
Rev. Thomas CiooriwiN, M.A. is. 6d. 

20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. 

cloth boards, 4s. 6d. Or with the Grammar, cloth hoards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English, 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealog^ical V’^ocabularies and Explan.atory Notes, by H. Young, is. 6d. 

2 . Caesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Ketfistcr for the Use of Schools, by H. You.n’G. 2s. 

3. Cornelius Nepos. With Notes. By H. Yoitng. is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. Ri.’shtov, M.A., and on the Georgies by H. Young, is. 6d. 

5. Virgilii Maronis .^tneis. With Notes', Critical and Explanatory, 

by H. Young. Now Edition, revised and imiirovod With copious Addi- 
tional NoU's by Rev. T. U. L. Lkakv, D.C.L., lormerly Scholar of Brasemose 
College, Oxford. 3s. 

5* Part r. Books i. — vi., is. 6J. 

Part 2. iiooks vii. — xii., 2S. 

6. Horace; Odes, Epode, and Carmen Sacculare. Notes by H. 

Young, is. 6d. . 

7. Horace ; Satires, Epi^^tles, and ArsPoetica. Notes by W, Brown- 

RiGG Smui h, M.A., F-K.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jiigurthiniim. Notes, Critical 

and Explanatory, by W. M. Donne, B.A., Trin. Coll.. Cam. ^ is. 6d. 

9. Terontii Andria et Ileautontimorumenos. With Notes, Critical 

and ExplaJi.'itory, by the Re\'. James Davies. ^l.A. is. 6d. 

10. Terenlii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explan.atorj', by the Rev. James D.aviks, M-.-X. 2s. 

11. Terenlii Eunuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 

12 . Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev, 
James Davies, M.A. is. 6d. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

AV'ith Introdiu tion, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbarv, D.C.L. formerly Scholar of Brasenose College, Oxford. 

14. cYceronis Cato I^Iajor, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownkigg S.mith 
M.A., F.K.G..S. 2s. , o 

16. Livy : History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part i. Books i.. ii.. is. bd. 

lO*. Part 2. Books iii,, iv., v., is. 6d. 

17* Part 3. Books xxi.,xxii., is. 6a. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus. Valerius Maximus Sueto- 
nius, Apuleius, &c. Notes by W'. B. Do.nne, M.A. 2s. 

21. Juvenalis Satins. AVith Prolegomena and Notes by T. H. S. 

Escott, H.A-, Lectur er on Logic at King s College. London. 2S. 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. By Hans 
Claxtdh Hamii.ton. is. 6d. 

15,17. Greek Lexicon. Containing all the Words in General Use, with 
their Significations, Inflections, and Doubtful Quantitie.s. By Henry R. 
Hamilton. Vol. i. G reek- Engl ish, 2s. 6d. ; Vol. 2. English-Greek, 2s. Or 
the Two V’ols. in One, 4s. 6d. : cloth boards, 5s. 

14,15. Greek Lexicon <as above). Complete, with the Grammar, in 

17. One Vol., cloth boards, 6s. 

GREEK. CLASSICS. With Explanatory Notes in English. 

I. Greek Delectus. Containing Extracts from Classical Authors, 

■with Gene:ilogical Vocabularies and Exptanatory Notes, byH. Young. New 
Edition, with an improved and enlarged .‘Supplementary Vocabulary, by John 
Hutchison, M.A., of the. High School, Glasgow, is. 6d. 

2, 3. Xenophon’s Anabasis; or, The Retreat of the Ten Thousand. 

Notes and a Geographical Register, by H. Young. Part i. Books i. to iii., 
IS. Part 2. Books iv. to vii., is. 

4. Lucian’s Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, is. 6d. 

5-^2. Homer, The Works of. According to the Text of Baf.umlein. 
‘With Notes, Critical and Explanatory, drawn from the best and latest 
Authorities, with Preliminary Observations and Aiiiiendices, by 1 '. H. L. 
Leary, M.A., D.C.L. 

The lUAD : Parti. Books i. to vi,, is.6d. j Part 3. Books xiii. to xviii., is. 6d. 

Part 2. Books vii. to xii., is.6d. j Part 4. Books xix. to xxiv., is. 6d. 

The Odyssey; P.irt t. Books i. to vu., is. 6d | Part 3. Books xiii. to xviii., is. 6d. 

Part 2. Books vii. to xii., IS. 6d. I Part 4. Books xix. to xxiv., and 

I Hymns, 2s. 

13. Plato’s Dialogues: The Apology of Socrates, the Crito, and 
the Phsedo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatorj', by the Rev. Jambs Davies, M.A. 2S. 

14-17. Herodotus, The History of, chiefly alter the Text of Gaisford. 
"W'^ith PreliminatT Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. T-Eary, M.A., D.C.L. 

Part I. Books i., ii. (The Clio and Euterpe), 2S, 

Part 2. Books iii., iv. (The Thalia and Melpomene), 2s. 

Part 3. Books v.-vii. (The Icrpsichore, Erato, and Polymnia), 2S. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 

18. Sophocles: Oidipus Tyrannus. Notes by H. Young, is. 

20 . Sophocles : Antigone. P'rom the Text of Dindorf. Notes, 

Critical and Explanatory’, by the Rev. John Milner, B.A. 2.s. 

23. Euripides: Hecuba and Medea. Chiefly from the Text of Din- 
DORF. With Notes, Critical and Explanatory, by W. Brownrigg Smith, 
M.i 4 ., F.R G..S. IS. 6d. 

26. Euripides: Alrestis. Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatory, by John Milner, B.A. is. 6d. 

30. -<Cschylus : Prometheus Vinctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, ■with English Notes, Critical and Explanatory, 
by the Rev. James Davies, M.A. is. 

32. ^schylus: Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory’, by the Rev. James Davies, M.A. is. 

40. Aristophanes : Acharnians. Chiefly from the Text of C. H. 

Weiss, With Notes, by C. S. T. Townshend, M.A. is. 6d- 

41. Thucydides; History of the Peloponnesian War. Notes by H. 

Young. Book i. is. 6d. 

42. Xenophon’S Panegyric on Agesilaus. Notes and Intro- 

duction by l.L. F. W. Jbwitt. is. 6d. , , . 

43. Demosthenes. The Oration on the Crown and the Philippics. 
With English Notes. By Rev. T. H. L. Leary, D.C.L., formerly Scholar of 
Brasenose College, Oxford, is. 6d. 
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